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This thesis consists of reprints of published work 
carried out wholly by the author or by those working 
under his supervision, together with a brief introduction 
in which the general field of investigation is outlined. 
A number of the publications (Nos.* 3, 4, 5, 6, 7, 8, 9, 
10, 11, 12, 13, 14, 16, 17, 18, 19, 21, 22, 23, 24, 25, 
26, 28, 29, 30, 31. 32, 33, 36, 40, 43, 46 and 48) describe 
work carried out in collaboration with Mr.S.E.Birtwistle, 
Mr.A.H.Button, Mr..A.H.Cooper, Dr.R.ID.Hall, Dr.G.Harris, 
Dr.J.R.Hudson, Mr.N.R.Merritt, Dr.A0W.Phillips and 
Dr.A.L.Whitear as part of a general programme of research 
in fields related to brewing and fermentation by yeast at 
the Brewing Industry Research Foundation, Nutfield, Surrey. 
In several of these papers (Nos. 3, 5, 8, 9, 10, 11, 12, 
14, 16, 17, 18, 19, 21, 22, 24 and 31) devoted to carbo-
hydrate topics, the major part of the work was carried 
out by the writer himself and was based on experience 
*Arabic numbers without parentheses refer to the 
writer's publications. 
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gained in this field at the University of Edinburgh 
during the years 1948 - 1951.. 
The writer wishes to express his sincere thanks 
to Dr..A.H.Cook, F.R.S., Director of the Brewing 
Industry Research Foundation, to Professor Sir Edmund 
Hirst, C.B.E.., 	 University of Edinburgh, for their 
advice and encouragement given through the period of 
this work and to his colleagues at Nut field for many 
helpful discussions. 	He also wishes to thank Dr.P.W.Brian, 
F.R.S.., Dr.J.F.Grove, Dr.P.R.Jefferies, Professor S.Peat, 
F.R.S. and Ivfr.W.W.Reid for gifts of gibberellins and their 
derivatives, radicinin kaurenoic acid, nigerose and 
pectin-degrading enzymes respectively used in these 
investigations. 
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This thesis presents the results of investigations 
directed towards a fuller understanding than hitherto 
of the changes occurring during the many phases of the 
brewing process including barley growing, malting, 
mashing and fermentation by yeast. 	A series of chemical 
and enzymic studies on the carbohydrate, nitrogenous and 
other constituents occurring throughout the different 
phases of the brewing process are recorded, therefore, in 
this thesis. 
Biochemistry of processes in brewing related to 
ferment at ion. 
Barley is one of the principal sources of carbohydrate 
in the fermentation industries and from its content of 
starch, glucose, maltose and maltotriose are formed after 
attack by amylases. 	These three sugars are the principal 
constituents of brewer's wort and are fermented by the 
yeasts Saccharomyces cerevisiae and S..carlsbergensis. 
After harvesting,-the barley grain undergoes processes of 
drying, storage, steeping, partial germination to allow 
development of the enzymes, kilning to remove moisture 
9 
and yield malted barley, and finally mashing in which 
the enzymes break down the starch and other materials 
to yield the simple nutrients of wort suitable for 
fermentation. 	Although a considerable number of 
investigations have been carried out on the degradation 
of starch and other malted barley constituents during 
mashing 71(I), relatively little attention has been devoted 
to studies on the changes which they undergo during the 
preceding processes of storage, steeping and germination. 
The development of paper chromatographic methods for the 
separation of sugars shortly before the present studies 
were undertaken by the writer, enabled detailed examination 
to be made of closely related carbohydrates such as mono-, 
di- and trisaccharides together with fructosan, glucosan 
and pentosan. 	Particular attention has been paid to 
transformations undergone by starch during the processes 
since investigations by others 
(II)  of the starch isolated 
from barley and the malt derived from it revealed that 
changes had occurred in the granular material during 
germination and kilning since the number of non-terminal 
glucose residues per non-reducing terminal group in the 
71 Roman numerals in parentheses relate to references 
in the bibliography. 	Arabic numbers without 
parentheses refer to the writer's publications. 
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amylopectin of the malt starch was less than that in 
the barley arnylopecti.n. To provide -as complete a picture 
of the transformation undergone by the carbohydrates as 
possible, their variation has been followed from ear 
emergence of the barley, during growth and throughout the 
processes listed above up to that of kilning. To 
facilitate the examination of the changes undergone by 
starch, improvements in methods of determining this 
carbohydrate quantitatively and examining its amylose 
content have been made. 
Before germination of the barley, its enzyme content 
is relatively low and -amylase is the principal starch 
(III) 
degrading enzyme which is present 	. 	After the 
grain is steeped to moisture contents of 43 - 451o, 
germination and enzyme synthesis commence rapidly. 
Recent work has shown that the main site of enzyme 
synthesis in the grain is the aleurone layer and not the 
embryo as considered previously 	. 	The cells of the 
aleurone layer are stimulated by naturally occurring 
hormones secreted by the embryo or by added gibberellic 
acid (gibberellin A 3 ) to produce the major portion of 
the enzymes including aamylase, hemicellulases and 
11 
proteinases which modify the grain during germination 
and degrade reserve polysaccharides and proteins. 
Various aspects of the effects of water uptake on enzymic 
activity of barley during steeping, on the action of 
different recently isolated gibberellins, of the degradation 
products of gibberellin A 3 and of certain other compounds 
on germination and enzyme synthesis have been investigated 
by the writer. 
In addition to a- and p-amylases, it has been 
(III) 
suggested 	that other enzymes are present in malted 
barley which assist in the degradation of starch by 
hydrolysing the a-1.,6-linkages forming the branch points 
in the amylopectin molecule. 	Fractionation of the 
mixture of enzymes present in malted barley by the writer 
has revealed the presence of two components which hydrolyse 
these linkages. 
The amylases and other enzymes degrading the malt 
carbohydrates during mashing do not carry out their 
conversions to completion since a compromise is reached 
by carrying out the enzymic conversions at temperatures 
- 	12 
of 145 - 150 
0
F 	At these relatively high temperatures 
for enzymic hydrolysis, gelatinisation of starch takes 
place and a-amylase attack on the gelatinised material 
is very rapid but destruction of enzymes also occurs. 
The extent to which the carbohydrates of the malted barley 
are solubilised and degraded during mashing depends also 
on several other factors including the proportion of 
grain to water, the enzymic activity of the malt and 
the extent to which germination was allowed to proceed. 
The influence of these factors has been the subject of 
study in the present investigation. 	In this, measurement 
of the efficiency of conversion of the insoluble malt 
carbohydrates to soluble sugars in wort has been made 
for the first time by employing the anthrone-sulphuric 
acid reagent 	to determine quantitatively the amounts 
of carbohydrate used in the malt and recovered in the 
wort. 	The employment of other sources of starch including 
unmalted barley, wheat, rice and maize has also been 
investigated. 
To arrest enzyme action after mashing, the wort is 
boiled with hops. 	Relatively little has been published 
13 
on the carbohydrate components of these materials. 
The presence of 2 - 4o of simple sugars 	and of 
10 - 1210 pectin has been revealed in earlier work. 
Using chromatographic techniques (see above), detailed 
examination of hop carbohydrates has been made. 
Glucose, maltose and maltotriose (VIII) are the 
principal carbohydrate constituents of brewer's wort and 
account for over 6Oo of the total carbohydrates present. 
Attention has been focussed, therefore, by the writer 
on the other carbohydrates present including the non-
fermentable polymers derived mainly from starch. 
As part of an extensive study of the role of 
peptidyl-nucleotidates in the metabolism of yeastU , 
the synthesis of certain of these compounds has been 
carried out and the synthetic materials together with 
peptide intermediates have been used as sole nitrogen 
source for the growth of yeasts. 	Studies on the action 
of various compounds aimed to interfere with the metabolism 
of peptidyl-nucleotidates has also been made. 
In the following pages, the principal findings are 
grouped in sections devoted to I - barley growth, drying 
14 - 
and storage, II - steeping and germination of barley, 
III - mashing and wort composition, IV 	hop 
carbohydrates and V 	yeast metabolism. 
I. 	Barley growth, drying and storage. 
During development of the barley grain from 
ear emergence to full maturity, high concentrations of 
glucose and fructose are present initially and then 
decline as sucrose and fructosans become the predominant 
simple carbohydrates present. 	The latter diminish in 
turn as starch is synthesised although the disappearance 
of fructosan and the formation of starch are not 
necessarily inter-dependent 12 . 	Throughout the early 
phases of the formation of starch, the ratio of amylose 
12,14 
to amylopectin is lower than in the mature grain 
a finding which has already been noted during the growth 
W (XI) of maize 	and wheat grains 	, thereby suggesting 
that this phenomenon is a general feature of starch 
formation, at least in cereals. 	The fact that synthesis 
of starch and of nitrogenous constituents is complete 
about 7 weeks after ear emergence is of agricultural 
- 	15 
importance since if harvesting of the grain were 
possible soon after this period, no loss of yield would 
result although the grain is not yet ripe in the 
agricultural sense. 	Harvesting could then be spread 
over a longer period and could be carried out under dry 
conditions. 	The grain harvested ear1ir than normally 
would probably ripen during storage throughout which the 
variations in all except simple carbohydrates are very 
512 
small ' 
The analyses of starch in the barley samples, 
described in these studies, have been facilitated by 
developments 8,9 made by the writer for the extraction and 
estimation of this polysaccharide mixture. 	Extraction 
of the ground grain with perchloric acid solution by the 
method of Richer, Leavenworth and Vickery (XII) solubilises 
the starch mixed with other polysaccharides. Precipitation 
of the starch as its iodine-complex, followed by removal 
of the iodine yields pure starch which is redissolved 
and determined quantitatively by means of the anthrone- 
(V) 
sulphuric acid reagent 	. 	In addition the procedure 
(XIII) 
allows blue value measurements 	to be made either on 
16 
the perchioric acid solution or the solution obtained 
after iodine precipitation and thereby permits indirect 
estimation of the amylose content of the starch 12,14 
II. Steeping and germination of barley. 
Due to the preferential uptake of water by the 
embryo when the barley grain is steeped, the activities 
of the enzymes in the endosperm do not rise so rapidly as 
they do in the embryo 38 ' 39 ' 44 . 	This relatively slower 
uptake of water by the endosperm and by the aleurone layer 
surrounding it, delays the effect of additions of 
gibberellic acid used to stimulate germination. 	When 
* 	gibberellic acid is added at the beginning of the steeping 
process, germination and enzyme synthesis are less rapid 
than when it is added at the middle of the steeping period 45 
If the barley is wetted to the required moisture 
content not by steeping but by spraying water over it, as 
has been employed in some recent commercial processes 35,39 
subsequent germination and enzyme synthesis 42,46 are 
slower than in the steeped grain, 	One factor which may 
contribute to this slow modification is the failure to 
17 - 
remove phenolic substances from the sprayed grain. 
These are normally dissolved during the steeping process 
being found in the liquors removed when the grain is 
drained. 	Both the liquors and the phenolic substances 
by themselves are known 
IV) 
 to retard germination. 
Results obtained by the writer 
47 
 reveal that such steep 
liquors and also certain concentrations of the phenolic 
substances, vanillic and ferulic acids, retard amylase 
aynthesis in barley endosperm presumably in the aleurone 
(xlv) 	. . . (xv) layer. 	Coumarin 	and radicinin 	, which are also 
known to retard germination similarly delay enzyme 
synthesis in barley endosperm 
47 
 and act in a manner opposite 
to that of gibberellin A 3 . 
Although the naturally-occurring gibberellins Al. A4 , 
A5 ,A A8 and A9 differ only from gibberellin A 3 in the 
presence or absence of certain substituent groups, A 5 , 
A8 and A9 have much lower activities on barley germination 
and enzyme synthesis than A3 , whilst Al. A4 and A7 have 
37,49 generally similar effects to those of A 3 	. 	Two 
derivatives of gibberellin A3 , namely gibberellenic and 
allogibberic acids also have stimulatory activity on 
18 
barley although somewhat lower than that of 
corresponding concentrations of the parent compound. 
The two derivatives lack the lactone ring which bridges 
the diterpene structure of gibberellin A3 . 	This 
lactone bridge was considered necessary for gibberellin- 
like activity to be obtained but the results obtained by 
the writer with the two derivatives reveal that it is not 
specifically required. 
Another naturally-occurring diterpene, kaurenoic 
acid, recently shown (XVI)to  have plant growth regulating 
activity, is also found to promote germination and enzyme 
synthesis in barley endosperm 42 , although the effects it 
produces are less than those of gibberellin A 3 . 	Low 
concentrations of acetic acid and of certain of its salts 
have a slight, although significant, stimulatory effect on 
the germination of certain varieties of barley 41 . 	The 
concentration is important in this connection since those 
greater than 500 parts per million inhibit germination, whilst 
100 pp.m. stimulates it. 	Acetate is known (XVII)to be 
one of the precursors of gibberellin A 3 , in a metabolic path-
way in which kaurenoic acid derivatives are intermediate 
19 
and it is possible that the ability of these two 
compounds to affect barley in the same manner may not 
be unrelated. 
The transformation occurring in the barley grain 
induced by gibberellins or other naturally-occurring 
hormones is reflected in the variations of carbohydrates 
revealed in the barley grain during germination 3 . 
These transformations become accentuated during the 
third and subsequent days of this process when the 
amount of ethanol-soluble carbohydrates including hexoses, 
di- and other oligo-saccharides increases at the expense 
of starch and other high. molecular weight substances. 
Corresponding to the decrease in starch content 
10 
 is a 
variation in its composition as revealed by the blue 
value of 0.328 for barley starch before the germination 
process began and 0.381 after it. 	Calculation of the 
amylose content per 1000 corns of germinating barley from 
these results reveals that they are 5.82 and 5.98 g. 
respectively for the initial barley and for the final 
malt, thus indicating that there is no significant 
change in the amylose content during germination. 
20 
Since the starch content for 1000 corns falls during 
germination the loss must be sustained by the amylopectin 
fraction, a result in agreement with that found by 
Aspinall, Hirst and McArthur (11) who showed that the 
average number of non-terminal glucose residues per 
terminal group in the amylopectin of the malt starch was 
17 - 18 compared with 24 	25 in the initial barley 
starch. 	The loss of amylopectin but not amylose from 
the starch during the germination of barley occurred in 
Carlsberg and other varieties 10 and appears to be a general 
one for this cereal. 
The decrease of the number of-non-terminal glucose 
residues per terminal group in the amylopectin indicates 
that the loss occurs in the exterior branches and that 
there is probably little degradation of a-1,6 linkages 
in the molecule. 	In spite of few of this type of 
linkage being broken, enzymes capable of hydrolysing 
them are present in malted barley, since fractionation 11 
by the writer of the mixture of enzymes from this source 
resulted in the isolation of two activities. One of 
these effected the hydrolysis of a-1,6-linkages in 
21 - 
amylopectin and its -limit dextrin but failed to do 
so in the low molecular weight dextrins containing 5-8 
glucose units produced by the combined action of a- and 
f3-amylases on amylopectin. 	The other degraded only 
the short chain polymers but not the high molecular 
13,17 
weight, amylopectin and p-limit dextrin 	Previously 
an enzymic activity from broad beans, called R-enzyme, 
had been observed 	to effect the hydrolysis of 
a-1,6-linkages in both the high 'and low molecular weight 
substrates stated above, but fractionation of the enzyme 
components from broad beans by the procedure used to 
separate those from malt, also revealed the presence of 
17 
two activities similar to those found in malt 	The 
term, R-enzyme, is retained for the activity effecting 
debranching of amylopectin and the name, limit dextrinase, 
is proposed 	for the enzyme hydrolysing the low molecular 
weight substrates. 	R-enzyme is much more stable to heat 
than limit dextrinase but the latter is not affected to 
any significant extent by low concentrations of molybdate 
ions whereas R-enzyme action is inhibited by them 17 . 
The phosphate groups present in the a,-limit dextrins 
22 - 
derived from potato starch do not interfere with the 
hydrolysis of the a-1,6-linkages in the dextrins 31 . 
No phosphate groups are present in the purified amylo-
pectin fraction of barley or malt starches 31 . 
III. 	Mashing and wort composition. 
As stated above the development of the 
anthrone-sulphuric acid reagent for the quantitative 
determination of sugars now allows the efficiency of 
carbohydrate conversion during mashing to be measured. 
By this means, malts from Carlsberg 7 ' 10 , Proctor 19 , and 
Spratt-Archer 19 barleys gave respectively 99.0; 101,6 
and 101.610 conversion of their extractable carbohydrates 
during mashing. 	Since the experimental error of 
determination of carbohydrate by the procedure employed is 
-i- 21o, the results obtained indicate almost complete 
recoveries of carbohydrate during the mashing process 
carried out at 150 °F. 	In laboratory scale studies, 
recoveries of carbohydrates were generally similar when 
o 	o 	 22 carried out at 145 and 150 F. using the same malts 
However, on the pilot-scale, a conversion period of half 
23 - 
an hour at 145 °F. gave a similar pattern of wort 
composition to one of 2 hr. at 150°F. as was common 
practice at that period and the former is more economical 
of time and other cost factors 
23 
 than the latter. 
Mashing for 2 hr., at 150 °F. was employed during 
trials of the newly developed variety, Proctor, when 
only very small quantities of the grain were available 
in 1953-4. 	Comparison of this variety with the existing 
variety, Spratt-Archer, revealed 6 that Proctor gave a 
satisfactory performance in mashing and other phases of 
brewing. 	This variety has since replaced Spratt-Archer 
on account of its superior performance in grain yield 
and is now the predominent variety grown in England (xx). 
The amylase activity of commercial malted barley 
samples is sufficient to degrade its own content of 
carbohydrate and also that of an equal weight of unmalted 
barley or wheat, but not that of rice or maize 24 
	
Since 
the starches of maize and rice only gelatinise easily in 
the temperature range 150-160 °F. which is higher than 
that used in mashing, 145-150 °F., they are less susceptible 
to attack by the amylases at mashing temperatures than 
24 
barley and wheat starches which gelatinise in the 
range 140150 
0
F. 	The use of 25% of finely-ground 
barley or wheat in admixture with malt proved successful 
33 on the pilot-scale 29, both with respect to conversion of 
carbohydrate during mashing and subsequent fermentation 
and processing. 	Indeed, these developments have now 
found application on the commercial sca i e 0U ) . 
The employment of the steeped, germinating grain 
called green malt with its greater enzymic activity 
than kilned malt, also effects successful conversion of 
carbohydrates and nitrogenous materials during mashing" a 32  
The high enzymic activity is reflected in the composition 
of the worts which contain greater amounts of fermentable 
sugars and amino acids than is customary in those from 
kilned malts 32 . 	The worts derived from green malt 
contain much lower contents of anthocyanogens than those 
from kilned malt presumably due to the action of enzymes 
present in the green malts which degrade the anthocyanogens 
during mashing. 	Such enzymes are probably inactivated 
during kilning and play no part during the mashing of 
kilned malt. 
25 - 
The exceptionally large and varied number of 
constituents 
50 
 occurring in wort presents difficulties 
in analysing the individual components which are present. 
For the determination of individual wort sugars, 
chromatographic methods are time-consuming and a rapid 
method was developed 
21 
 in which enzymes isolated from 
different yeasts were used to hydrolyse maltose, and 
maltose + maltotriose to glucose. The resultant hexose 
was then estimated using Barfoed's reagent 
CII)  which 
does not react with higher saccharides. 	For the 
determination of total fermentable sugars in wort an 
empirical method 
26 
 employing an automatic system gave 
rapid results. 	The automatic system which uses alkaline 
ferricyanide for the estimation of reducing sugars was 
adapted to determine the amylase activity of malts 
34 
 and 
to follow the production of reducing sugars during the 
28,30 
mashing process 
For the examination of the minor carbohydrate 
components of wort, paper chromatographic techniques proved 
16 
satisfactory and revealed , after suitable fractionation 
of the components, that small amounts of pentoses, including 
26 - 
arabinose, ribose and xyiose together with isomaltose 
and panose were present. A gradation of molecular size 
was achieved during the fractionation of the poly-
saccharide material into four fractions of average chain 
length of glucose units of 3-7, 12-13, 23 and 31. All 
of the fractions were degraded to about 70% by a- and 
3-amylases indicating the presence of a certain number of 
branching points in the molecules, and confirming the 
incomplete attack of the amylases and debranching enzymes 
during mashing. 
The use of an electrophoretic method for separation 
of the hop bitter substances present in wort, has revealed 
the existence of hulupones and humulones in this medium. 
The presence of the latter had not previously been noted 
in wort 27 
IV. Hop carbohydrates. 
Glucose, fructose, sucrose and raffinose have 
been isolated ' in the crystalline state from hops and 
authenticated. 	Other sugars, including tn- and tetra- 
saccharides, containing glucose and fructose were also 
detected. 	The total concentration of sugars in several 
- 27 - 
varieties of hops amounts to 1 - 2% of the total 
weight. 	About the same amount of pectin (1 - 216) 
is present in hops as revealed by measurements of 
galacturonic acid, galactose and arabinose derived from 
it by the use of highly active pectinase preparations 2  
This content of pectin is considerably lower than those 
values (10 - 12% found earlier 	 Since the 
amount of hops added to wort is relatively low, their 
sugar content plays no significant part during the brewing 
process. 
V. 	Yeast metabolism. 
The presence of maltulose and nigerose in beers 
fermented using a superattenuating strain of Saccharomyces 
cerevisiae (National Collection of Yeast Cultures - No.447) 
was facilitated 18 since this strainpossesses glucosidases 
which degrade the accompanying sugars 
13
. 	Maltulose is 
probably derived by the action of heat on maltose. 
Detection of the disaccharides was made possible by the 
use of developments in reagents for revealing them on 
chromatograms  
Synthesis of L-arginyl-L-alanyl-L-arginyl-L-alanyl- 
28 
5 -'uridylate, isolated earlier by Davies and Harris (XXIII) 
from brewer's yeast was achieved" by the writer in low 
yield and represented the first synthesis of a tetrapeptide 
nucleotidate. 	The material was not obtained crystalline 
but the following intermediates used in the synthesis 
were prepared also for the first time and were isolated 
in the crystalline state 	NnitroLarginylLalanine 
benzyl ester, Nbenzyloxycarbonyl'Nnitrc"L-arginyl-L-
alanylNnitro-LarginylL-'alanine benzyl ester, and 
By similar methods 
di and tetrapeptides were prepared 36 corresponding to 
those used above in the synthesis of the te.trapeptide-
uridydate but with Lalanine replaced by the Disomer. 
All the Dalanyl peptides were obtained crystalline and 
none had been isolated previously. 	In addition Lalanyl- 
L-arginyl-Lalanyl-L-arginine was also synthesised 36 . 
The aim in substituting D-alanine for the L-form 
in the peptides was to interfere with the metabolism of 
these materials and allow accumulation of intermediates 
occurring during yeast growth. 	When, however, the various 
peptides containing D-alanine were used as sole nitrogen 
- 29 
source for yeast proliferation in a synthetic medium 43 , 
they failed to promote growth of the culture and did 
not interfere with their metabolism. 	Small amounts 
(5 - 10%) of D-alanine and of L-arginyl-D-alanine 
were taken up by the yeast but did not appear to support 
growth. 	The uptake of small amounts of D-amino acids 
by yeasts has been confirmed recently by other workers 
and is contrary to the earlier findings of Ehrlich that 
yeast did not absorb Damino acids. 
None of the synthetic peptidyl-'nucleotidates were 
taken up by yeasts 43 . 	Nucleotides, themselves, are 
utilised only to a very small extent (xxv) by brewing 
yeasts and the addition of a peptide moiety to them 
further restricts their uptake by the cells. 	On the 
other hand, the tetrapeptides L-arginyi-L-aianyl-L-
arginyl-L-alanine and L-a lanyl-L-arginyl.L-alany1-L.. 
arginine were utilised. by yeasts 43 . 	Only di- and tn- 
peptides had previously been used as sole nitrogen sources 
in the examination of yeast growth on this type of 
(mu) nitrogenous compound. 	 and it now appears that some 
tetrapept ides at least are metabolised by brewing strains 
30 - 
of yeast. Certain mutant strains, however, which 
require arginine for growth were unable to use di or 
tetra-peptides containing this amino acid as sole 
nitrogen source 48 . 	Growth of the mutants was achieved 
on arginosuccinic acid but not on ornithine, citrulline 
and glycocyamine, indicating that the mutants lacked 
the enzymes which complete the formation of the 
guanidino group of arginine 48 
Another possibility of interfering with the 
metabolism of nitrogenous compounds in yeasts was made 
by growing them in media containing 8-azaadenine and 
8-azaguanine as sole nitrogen sources, since these 
azapurines are incorporated into the nucleic acids of 
bacteria (XXVII)and  inhibit their growth. 	In one 
strain of yeast, (Pichia membranae faciens - N.C.Y.C. 
40 
No326) , a longer lag phase than usual was induced 	before 
growth on azapurines commenced, but in other strains 
examined no inhibition was found. 	The azapurines were 
metabolised yielding quantities of unknown substances which 
fluoresced strongly under ultraviolet light. 
A survey of a large number of yeasts in the National 
- 	31 	- 
Collection of Yeast Cultures revealed that these 
organisms do not secrete substances which possess 
the high antibiqtic activity shown by streptomycin and 
penicillin against bacteria 20 . 	One strain, however, 
did show activity against certain strains of moulds. 
32 - 
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Chromatographic analysis of the sugars occurring in hops showed the presence 
of fructose, glucose, sucrose, raffinose and possibly stachyose. Working on a larger 
scale, crystalline fructose, glucose, sucrose and raffinose were isolated. An unidenti-
fIed sugar, possibly a trisaccharide containing fructose and glucose residues, was also 
obtained. Quantitative estimations of the major sugar constituents indicated little 
important difference from one variety of hops to another. 
INTRODUCTION 
THE free sugars present in hops are largely 
extracted by boiling wort and thus contribute 
to the total of fermentable carbohydrates. 
Very little work on the nature of hop sugars 
has, however, been recorded, and indeed, no 
systematic study appears ever to have been 
carried out. 
In 1913, Power, Tutin & Rogerson" 
obtained D-glucosazone by heating an 
* Parts I—Ill (J. chem. Soc., 1950,1873; 1952, 
1902. 1906) were devoted to studies on humulone 
and lupulone.  
aqueous solution of hops with phenyihydra-
zine, thus indicating the presence of glucose 
or fructose or both. Wallersteiri, 17 in a 
review of the constituents of hops, stated 
that 3-4% of sugars including glucose and 
fructose were present, but gave no experi-
mental details. 
The presence of much resinous material 
in hops undoubtedly made the study of hop 
sugars difficult in the past. The technique of 
partition chromatography on paper, 7 how-
ever, now permits detailed qualitative and 
quantitative investigations of this kind to 
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be carried out, while separation of the 
individual sugars on columns of adsorbent 
materials such as powdered cellulose" and 
charcoal-kieselgiffir 18 allows complete char-
acterization to be effected. The present paper 
describes the application of these techniques 
to the study of the free sugars of hops. 
EXPERIMENTAL 
All evaporations were carried out under 
diminished .pressure at 400  C. 
Extraction of sugars.—Undried hops (10 g.) 
were extracted in a Soxhiet apparatus with 
80% ethanol for 5 hr. to remove the sugars 
quantitatively (cf. Laidlaw and Reid12). 
The alcoholic extract was evaporated to 
dryness and the residue extracted with water 
(4 x 50 c.c.), the residue of green resinous 
material being discarded. The aqueous ex-
tracts were concentrated to ca. 10 c.c. and 
filtered through kieselguhr to remove the 
further resinous materials which settled out. 
The filtered solution was shaken alternately 
with ion-exchange resins (Amberlite 1R100 
and 1R4B) (Ca. 1 g. of each) to remove 
ionized materials; they were then evaporated 
to a small volume (Ca. 0.5 c.c.). The resulting 
solution was examined by paper chromato-
graphy. 
Qualitative examination by paper chromato-
graphy.— - 
Apparatus—This was modelled on the 
apparatus originally designed by Consden, 
Gordon and Martin.4 Its temperature was 
not controlled. 
Solvents—The solvent mixtures which 
gave the most satisfactory results were: 
ethyl acetate - pyridine water (2 : 1 : 2)11; 
and ethyl acetate - acetic acid - water 
(3 : 1 : 3)11. As already reported by Harris, 
Barton-Wright & Curtis, 8 the first mixture 
of solvents did not easily separate certain 
monosaccharides (especially glucose-fructose 
mixtures) completely, but it afforded good 
separation of di- and fri-saccharides in a 
relatively short period (18 hr.). The second 
mixture of solvents effected ready separations 
of glucose and fructose. 
Spray reagents—For qualitative work, two 
chromatograms were generally run under 
identical conditions. One was sprayed with 
benzidine in aqueous ethanolic trichloro-
acetic acid.' The positions of reducing 
sugars and of those non-reducing oligo-
saccharides which give reducing sugars on  
hydrolysis with trichloroacetic acid Were thus 
revealed. The second paper was sprayed 
with an ethanolic solution of naphthore-
sorcinol in phosphoric acid, 5 which revealed 
the position of sugars containing fructose 
residues. 
By comparing the resulting chromatograrns 
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FIG. 1.—Tracing of a typical chromatogram run 
in ethyl acetate-pyridine-water (2 : 1 : 2) for 18 hr,  
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following were found to be present:—
fructose, glucose, sucrose, raffinose and poss-
ibly stachyose (see Fig. 1). A further sugar 
which did not correspond to any of the 
standards was also detected. It travelled 
to a position intermediate between-sucrose 
and raffinose (see Table V), and perhaps 
contained fructose since it gave a pink colour 
with the naphthoresorcinol spray reagent. 
This compound (I) will be discussed more 
fully below. No uronic acids or amino-
sugars were detected. 
Quantitative estimation of the sugars by 
Paper chromatography.—Xylose was used as 
a reference compound in quantitative esti-
mations of the sugars using essentially the 
method of Flood, Hirst & Jones, 7 modified by 
eluting the sugars from the papers at room 
temperature by the procedure of Laidlaw 
& Reid .13  The following detailed technique 
was adopted. One end of a strip of paper, 
cut from a chromatogram and containing an 
individual sugar, was held between two 
microscope slides the touching faces of which 
had been ground to effect even wetting. 
Water dropped from a capillary pipette 
eluted the sugars into a test-tube. (Terry 
clips of varying sizes, screwed to a vertical 
wooden support, were useful in supporting 
the elution apparatus. This arrangement 
TABLE I 
CONCENTRATIONS OF FRUCTOSE, GLUCOSE AND 
SUCROSE IN A NUMBER OF Hop VARIETIES 
(Results are averages of three Concordant deter- 
minations. Other sugars were present in concen- 
trations less than 0.1% and were not estimated 
quantitatively.) 
% Sugar (from dry hops) 
Fructose I Glucose I Sucrose* 
055 044 021 
051 044 035 
048 038 023 
042 032 021 
048 035 020 
038 038 017 
0'41 039 0.10 
' The sucrose was determined by hydrolysis with 
05 N sulphuric acid (0.5 c.c.) for 30 mm. on the 
boiling water-bath and neutralization with 05 N 
sodium hydroxide, followed by estimation of the 
resulting fructose and glucose.  
allowed a series of papers to be simultane-
ously eluted and permitted considerable 
variation in adjustment of the apparatus.) 
The eluted sugars were then estimated by 
means of the Somogyi-arsenomolybdate re-
agent15 using a Spekker photoelectric absorp-
tiometer with 1 cm. cells and red filters 
(No. 608). The amount of sugar was calcu-
lated from standard curves prepared under 
identical conditions. 
As the first mixture of solvents failed to 
separate glucose and fructose completely, all 
papers for quantitative work were prepared 
using the second mixture of solvents men-
tioned above. Traces of solvent remaining 
on the paper did not interfere with the esti-
mations. 12 The results of estimating sugars 
in several varieties of hops (picked September, 
1951, Wye College, Kent) are given in Table I. 
Isolation of individual sugars.—The sugars 
were extracted from the Early Choice hops 
(257 g. dry wt.) by the method already 
described. The purified mixture containing 
the sugars (643 g.) was finally dissolved in 
water (10 c.c.) and examined in two portions. 
One-half of the solution was added, drop by 
drop, to the top of a column (25 x 3 cm.) 
consisting of equal parts by weight of acti-
vated charcoal (Hopkins and Williams) and 
Celite (Johns-Manville No. 535). The com-
ponents were intimately mixed and packed 
without suction, the technique used being 
that described by Whistler and Durso. 18 
The column was eluted successively with 
various solvents (see Table II below), and 
the eluates were concentrated and examined 
by paper chromatography as already des-
cribed; fractions containing the same sugar 
or groups of sugars were combined and 
evaporated to dryness. The residues were 
taken up in a small volume of water and 
filtered through kieselguhr to remove traces 
of impurities, the kieselguhr being washed 
with water, the filtrate evaporated to 
dryness, and the sugars weighed after storage 
(2 days) in a vacuum desiccator over phos-
phorus pentoxide. The second half of the 
sugar mixture was similarly treated and the 
corresponding fractions were combined. 
Results of the fractionation are given in 
Table II. Fraction 3 was so prepared 
because attempts to obtain the individual 
sugar components by using other eluants 
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TABLE II 






1 Water (1 litre) Glucose + 4•90 
fructose 




3 Water contain- Unknown I, 0-74 
ing ethanol raffinose, 
(50% v/v) stachyose, 
(1 litre) etc. 
Total 6.18* 
Representing 96% recovery 
Further separation of Fraction 1.—The 
mixture was separated on a Cellulose column 
(25 x 3 cm., powdered, ashless Whatman 
No. 1 filter tablets) by the method of Hough, 
Jones & Wadman. 50 A mixture of n-butanol 
(95%) and ethanol (5%) almost saturated 
with water9 was used as the eluant. The 
sugar mixture was dissolved in water (5 c.c.) 
and added dropwise to the top of the column. 
The eluate was collected mechanically in 
5 c.c. fractions, the contents of every tenth 
tube being examined by paper chromato-
graphy in the way described above; four 
principal fractions were so obtained (Table 
III). 
TABLE III 
SUB-FRACTIONATION OF MONO SACCHARIDES 
Fraction Sugar present 
'Vt. 
(g.) 
- Xylose (trace) - 
la Fructose 078 
lb Fructose + glucose 0-55 
IC Glucose 070 
Sucrose (trace) - 
Id Non-carbohydrate 2-33 
Total 4.36* 
89% recovery. 
Fraction la was obtained as a yellow syrup 
which crystallized almost completely on 
standing for 1 week in the cold. The product 
was recrystallized from methanol when it 
had [a] - 93°, and m.p. 100_1020 C. 
alone or admixed with authentic D-fructose. 
Chromatography indicated the presence of  
fructose only. Heating with phenylhydra-. 
zine yielded D-glucosazone (m.p. 204-205° C., 
alone or admixed with the authentic mat-
erial). No reaction with alkaline hypoiodite 
solution was observed. 
Fraction lb formed a yellow syrup which 
did not crystallize. Quantitative examina-
tion by paper chromatography indicated that 
it contained 61.8% of fructose and 38.2% of 
glucose. 
Fraction lc was obtained as a yellow syrup 
which crystallized on standing in the cold, 
and from chromatographic evidence con-
tained glucose only. Recrystallized from 
methanol it had [a]' + 53°, and m.p. 
144-146° C. alone or admixed with authentic 
D-glucose. Heating the sugar with phenyl-
hydrazine yielded D-glucosazone (m.p. 204-
205° C. alone or admixed with the authentic 
compound). Oxidation with alkaline hypo-
iodite solution gave 99% of the theoretical 
value. 
Fraction hi formed a dark brown solid 
which did not crystallize. Chromatography 
failed to reveal the presence of any sugar 
even after acid hydrolysis. A deep blue 
coloration was developed with ferric chloride 
solution indicating that the fraction probably 
contained tannin. 
Fraction 2.—This formed a white syrup 
which crystallized on standing overnight in 
the cold. Chromatography revealed that the 
syrup contained sucrose together with a 
trace of another sugar (unknown II, Table V) 
which moved slightly more slowly than 
sucrose on the chromatogram and gave a 
pink spot with the naphthoresorcinol spray 
reagent. The unidentified material II 
travelled slightly faster than I on the chro-
matogram (Table V). Recrystallized from 
methylated spirits the crystalline sugar had 
[a] + 66°, and m.p. 181-183° C. alone or 
admixed with authentic D-sucrose. Acetyla-
tion with acetic anhydride in pyridine yielded 
octa-acetyl sucrose (m.p. 84° C., alone or 
admixed with the authentic compound). 
Further fractionation of Fraction 3.—The 
mixture was returned to a similarly prepared 
charcoal-celite column (25 x 3 cm.) and 
further fractionated. Five fractions were 
collected (Table IV). 
Fraction 3a was not examined further. 
Fraction 3b formed a pale yellow non-
reducing syrup which chromatographically 
did not correspond to any known sugar (see 







Fraction ethanol Sugar present (mg.) 
3a 5 Sucrose <10 
3b 75 Unknown I. 136- 
3c 125 Raffinose 208 
3d 20 Stachyose + small 139 
amount of raffi- 
nose 
3e 50 Other oligosacch- 221 
andes 
Total 704* 
* 95% recovery. 
Table V), although it simulated an unknown 
material found by other workers in various 
plant materials1 ' 5' 8"4 (see Discussion). Hy-
drolysis with 001 N acid or by invertase 
yielded glucose and fructose in a ratio 
revealed by quantitative paper chromato-
graphy as 1 : 2. Attempts are being made 
to Characterize this substance (I) more 
exactly. 
• Fraction 3c formed a pale yellow syrup 
which on chromatographic evidence con-
tained raffinose together with a trace of 
another sugar -(unknown 111—Table V) 
which moved slightly faster than raffinose 
on the chromatogram and gave a pink spot 
with the naphthoresorcinoi spray reagent. 
The syrup itself failed to crystallize, but 
after dissolving in methylated spirits and 
standing in the cold overnight, crystals of 
raffinose hydrate were obtained ([]?' + 
102°; m.p. 76-77° alone or admixed with 
authentic raffinose hydrate). Acetylation 
with acetic anhydride in pyridine yielded 
hendeca-acetyl raffinose (m.p. 100° C., alone 
or admixed with the authentic compound). 
Fraction 3d formed a pale yellow syrup 
which, examined chromatographically, con-
tained the tetrasaccharide stachyose together 
with a small quantity of raffinose. No 
crystalline material was obtained. 
Fraction 3e was obtained as a pale yellow 
syrup. Chromatography afforded an elong-
ated zone stretching from the origin to a 
position closely behind the stachyose spot. 
No crystalline material was obtained from 
this fraction which was probably a: mixture 
of. oligosaccharides containing four or more  
hexose units. Hydrolysis of a portion of the 
material with acid followed by paper chrom-
atography of the hydrolysate indicated that 
glucose, fructose and galactose were the 
principal constituents. 
Movements of sugars on paper chromato-
grams.—(Table V, see also Fig. 1.) The 
solvent mixture (see above) was ethyl 
acetate-pyridine-water (2 : 1 : 2) and the 
chromatograms were run for 18 hr. 
Chromatography of the solution containing 
the products of the inversion of sucrose by 
invertase has indicated the presence of certain 
oligosaccharides if the reaction is stopped 
before hydrolysis is complete. 2 '3 ' 8"9 '20 Repe-
tition of the procedure of Bacon & Edelman 
followed by chromatography indicated the 
presence of three oligosaccharides which 
gave pink spots with naphthoresorcinol and 
travelled distances of 189, 166, and 14.7 Cm. 
under the conditions used in Table V. 
TABLE .V 
CHROMATOGRAPHIC BEHAVIOUR INCLUDING THOSE 
OF SUGARS FROM Hop EXTRACT 
• 	. Colour 
reaction 
Distance R g with 
travelled (glucose • naphthore- 
Sugar (cm.). value) sorcinol 
Xylose 	.. 299 123 Grey 
Fructose .. 264 114 Pink• 
Glucose 	.. 243 1.00 - 
Sucrose .. 216 089 Pink 
Maltose 	.. 187 . 	.0-77 - 
Unknown. 11 -. - 	187 077 Pink 
I- 	.. 163 067 
III 14•7 0•60 
Lactose 	. .. 149 061 -. 
Raffinose .. 124 051 Pink 
Stachyose 	.. 62 - 	026 
DIscussIoN 
Attempts to 	the unidentified 
sugar (I) . mentioned above failed and in-
sufficient material was • available to allow a 
fuller study of this.,compound. Experiments 
using quantitative paper chromatography as 
described above, however, indicated that the 
unknown was' a non-reducing trisaccharide 
containing 2 molecules of fructose and 1 of 
glucose; 10m. its -behaviour, it appeared 
similar to the unidentified sugar detected by 
MacLeod" in.barley;'by Dc Whalley, Albon& 
Gross5 in beet ..molasses and- also: to one of 
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the unknown sugars detected by Bacon & 
Edelman1 in Jerusalem artichoke tubers and 
by Harris, Barton-Wright & Curtis 8 in 
unhopped wort. 
Bacon & Edelman' have also recently 
noted the presence of certain non-reducing 
oligosaccharides in hydrolysates when sucrose 
is degraded by invertase. These oligosacch-
andes were found to appear soon after 
hydrolysis had commenced, and were present 
as long as unhydrolysed sucrose remained. 
They have not so far been detected when 
sucrose is hydrolysed by acid and are prob-
ably intermediates formed by some hitherto 
unsuspected action of invertase 2 or by some 
other enzyme present in invertase prepara-
tions. These intermediates have also been 
detected by other workers. 3 ' 5 ' 6 ' 8 ' 19 '2° Chro-
matographic studies have shown that the 
intermediates derived from sucrose appear 
similar to the unknown oligosaccharides 
detected amongst the free sugars in hops. 
The similarity however, is based very largely 
on chromatographic evidence and further 
work must be carried out to isolate these 
compounds to establish their identity more 
reliably. It remains possible that the un-
known carbohydrates present in the mixture 
of hop sugars are artefacts produced from 
sucrose during the experimental processes, 
but further work is necessary to settle this 
problem. 
The same sugars were detected in each of 
the hop samples examined. The quanti-
tative analyses (Table I) indicated little 
variation in sugar content from one variety 
to another, while treatment of the Eastwell 
Golding sample with sulphur, did not appear 
to have produced any significant change in 
the sugar content. The samples were, 
however, picked at the same time and 
received similar treatment under subsequent 
conditions, and it remains possible that 
variation would result under different con-
ditions, e.g., of storage. 
Recovery of the sugars after fractionation 
on charcoal-celite and cellulose columns was 
not complete. If, however, it is assumed 
that losses of individual sugars during the 
manipulations are proportional to their 
original contents, sugar contents may be 
calculated from the results in Tables II, 
III and IV and are given in Table VI. 
The figures for fructose, glucose and sucrose 
agree with the paper chromatographic 
analyses for the Early Choice sample (Table I). 
TABLE VI 
SUGAR CONTENTS OF Hors (EARLY CHOICE) 
Sugar 	 I % in dry hops 
Fructose 	.. 	 .. 	 .. 0'51 
Glucose .. 	 .. 	 .. 041 
Sucrose 	.. 	 .. 	 .. 022 
*Raffinose .. 	 .. 	 .. 009 
Unknown I 	.. 	 .. 	 .. 006 
*Stachyose .. 	 .. 	 .. 006 
Other oligosaccharides .. 009 
* The reported percentage of raffinose is probably 
somewhat low and the estimate of stachyose high, 
since the latter contained a small amount of 
raffinose. 
By the use of similar procedures the sugar 
contents of other hop varieties can be esti-
mated. Since all the principal constituents 
are easily soluble their contributions to wort 
can be readily calculated. 
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After preliminary extraction of hops with organic solvents and with cold 
aqueous acetone, pectin was extracted from the residue in two portions, using 
first boiling water and then dilute ammonium oxalate solution. The purity of 
the fractions was determined by estimating the sugars produced after enzymic 
hydrolysis. Different varieties of hops were found to contain between II and 2% 
of pectin. 
INTRODUCTION 
Whereas earlier work on hops has largely 
been devoted to the study of the hop oil 
and hop resins soluble in organic solvents, 
the residue or "hop straw" has received 
comparatively little attention. The latter 
material contains, however, several con-
stituents which are soluble in boiling wort 
but whose function in the brewing process 
has never been fully ascertained. Prominent 
among these is pectin, the presence of which 
in hops was first demonstrated by Fink & 
Hartmann7 in 1935. Further studies on hop 
pectin8 ' 9 "0 and its influence on the brewing 
process11"2 ' 13 were made by Fink & Just in 
the period 1935-39, but difficulties in esti-
mating pectin in wort and beer left several 
of their results inconclusive in certain 
directions. 
Chemistry of pectin.—Characteristic of 
pectin is its ability to form colloidal solutions 
and to produce gels with sugar solutions (see 
Kertesz20 and Joslyn & Phaff19 for detailed 
reviews). The colloidal nature of pectin 
hinders its easy isolation and purification, 
especially from other closely-related carbo-
hydrates. On hydrolysis it yields D-galact-
uronic acid, D-galactose, L-arabinose and 
methyl alcohol in varying proportions. On 
present evidence 15"7 it appears probable that 
pectin is itself a mixture of three different 
polysaccharides, each a polymer of one of 
the above-mentioned components. As yet 
no method has been developed which leads 
to the quantitative isolation of each poly-
saccharide. Relatively pure fractions rich  
in araban, the arabinose-yielding component, 
have been prepared by taking advantage of 
its preferential solubility in boiling aqueous 
70% alcohol. 8 ' 9 "5"7 ' 20 ' 29 Generally, the most 
abundant of the three polysaccharides is 
pectic acid which is composed of chains of 
condensed galacturonic acid units and to 
which the gelling power and high viscosity 
of pectin are due. Pectic acid usually 
occurs in part as its methyl ester. The free 
acid forms soluble salts with monovalent 
kations, but yields insoluble salts with poly-
valent kations. The solubility properties of 
these salts may often explain the isolation 
of both soluble and insoluble pectins from 
the same plant source. On the other hand, 
the insolubility of pectin may sometimes be 
due to its combination with other materials 
present in the plant tissue. Treatment with 
water under pressure, 8 ' 29 with dilute am-
monium oxalate solution, 2 ' 29 or with certain 
other reagents, 4 ' 24 renders such fractions 
soluble. 
The methods of estimating pectin have, 
in many cases, been complicated and un-
certain. Thus, the galacturonic acid released 
from pectic acid during acid hydrolysis is 
itself subject to decomposition by the hydro-
lysing agent and so cannot be determined 
quantitatively. 18 ' 2 ' The pectic acid com-
ponent has, therefore, been estimated in other 
cases by measuring the amount of carbon 
dioxide produced when pectin is refluxed 
with 12% hydrochloric acid. 22 ' 27 Even under 
these conditions, however, a small error still 
arises because hexoses yield small quantities 
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of carbon dioxide. 2 ' 28 Similarly, uncertainty 
exists in the method of estimation of pectin 
by means of its insoluble calcium salt, since 
it appears that araban and galactan are 
precipitated with the calcium pectate to 
varying extents. 
Recent advances in two fields have together 
led, however, to a more satisfactory method 
of analysing pectin. First, highly active 
enzyme preparations which are capable of 
decomposing pectin completely" 8 ' 21 ' 30  can 
now be readily prepared. Secondly, the new 
technique of partition chromatography on 
paper,5 ' 14 has provided a basis for developing 
methods capable of determining the com-
ponents of a complex sugar mixture both 
qualitatively and quantitatively'. Through 
the kindness of Mr. W. W. Reid (of Messrs. 
H. W. Carter & Co., Coleford, Glos.), a highly 
active pectin-degrading enzyme complex 
was available in the present work; sugars 
resulting from its use were estimated by the 
new chromatographic techniques. 14 ' 26 
Hop pectin.—Fink & Just 8 ' 9"0 extracted 
the pectin from "hop straw" after treatments 
with water at 25° and 40° C. to remove 
simple sugars, tannins, nitrogenous sub-
stances and other materials. Pectin was 
then removed by repeated treatment with 
water, first at the boiling point and then 
at 1250  C. under pressure, the total yield 
being 12% of the weight of "straw." After 
removal of some of the araban present by 
extraction with 70% alcohol, the remaining 
material was hydrolysed yielding the follow-
ing mixture: D-galacturonic acid (62%), 
jj-aiactose (25%), L-arabinose (22%). The 
methoxyl content of the original pectin 
was 1.7%. 
Norris & Resch29 carried out a more 
systematic study of the extraction of pectin 
from "hop straw" and other plant materials. 
They concluded that extraction with dilute 
ammonium oxalate solution (0.5%) afforded 
materials of more constant carbohydrate 
composition than those obtained by using 
other extractants such as water at 110° C. 
under pressure. These authors did not quote 
their yields of pectin, but Kertesz 25 found 
that four samples of hops contained amounts 
of pectin (estimated as its calcium salt) vary-
ing between 0.60% and 1.84%. 
The aim of the present work was, therefore, 
to extract hop pectin quantitatively from 
several varieties of hops in as pure a form 
as possible and to study the properties of the  
materials obtained. The pectin was isolated 
in two fractions from the "hop straw" after 
preliminary extraction of the latter with 
aqueous acetone (1 : 1, v/v). A part was 
removed with boiling water and presumably 
represents the fraction dissolved from hops 
during brewing, whilst the remainder of the 
pectin was extracted with dilute ammonium 
oxalate solution. Although the fractions 
contained impurity, the yields of pectin, 
calculated from the amounts of individual 
sugar constituents found after hydrolysis by 
enzymes (see above), were shown to be 
between 1% and 2% (Table III) and agreed 
with the results of Kertesz 25 (see above). 
EXPERIMENTAL 
All evaporations were carried out at 50° C. 
under reduced pressure. 
Chromatography.—This was carried out by 
the methods described in Part IV.26  All 
chromatograms were prepared using as 
solvent ethyl acetate: pyridine: water (2: 1: 2 
—top layer). Ribose was added to hydroly -
sates in the quantitative estimations (see 
below) as a reference sugar. 
Preparation of "hop straw."—The hop 
samples used in this work were kindly 
supplied by Dr. A. H. Burgess, Wye College, 
and (unless stated otherwise) had been 
kilned with sulphur under normal conditions. 
They were macerated in alcohol in a Waring 
blender, and heated under reflux first with 
alcohol until the extracts were colourless and 
then with ether. The resulting "hop straw" 
was air-dried at room temperature. 
Preliminary extraction of "hop straw."—
Extraction of "hop straw" (50 g.' ) with water 
(2 litres) at 17° C. was found to remove a 
small amount of pectin (ca. 50 mg.), contrary 
to the findings of Fink & Just. 9 On the 
other hand, exhaustive treatment of the 
"straw" with water at this temperature and 
even at 50° C. failed to remove nitrogenous 
and other undesired constituents completely, 
since the pectin fractions subsequently 
extracted from the "straw" were still 
impure. 
Extraction of "hop straw" (100 g. portions) 
at 17° C. was carried out using (a) 0.5% 
ammonium sulphate solution (2 litres twice); 
(b) 10% sodium chloride solution (2 litres 
twice); and (c) 50% (v/v) aqueous acetone 
(2 litres twice). Extractants (a) and (b) 
removed only small quantitites of material 
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(1% of "hop straw"), but (c) removed a Con-
siderable amount (5% of "hop straw"). The 
material removed by aqueous acetone was 
obtained as a brown solid which gave positive 
tests for the presence of tannin, nitrogenous 
substances and inorganic materials. Hydroly-
sis of the brown solid with 2N acid followed 
by paper chromatography indicated that a 
trace of arabinose, probably derived from 
araban, was present. All "hop straw" 
samples (see below—Table I) were ex-
haustively extracted with 50% aqueous 
acetone at room temperature, four extrac-
tions (2 litres of solvent per 100 g. of "straw") 
generally being necessary. 
Extraction of pectin with water and am-
monium oxalate solution.—The acetone-
treated "hop straw" was heated with water 
(3 x 15 litres) at 1000  C. for 1 hr. This 
removed the bulk of the water-soluble 
fraction. The remainder of the pectin was 
extracted by subsequent boiling with 0.5% 
ammonium oxalate solution (3 x 15 litres). 
The respective solutions were combined and 
concentrated to Ca. one-quarter of their 
original volume and then poured into four  
volumes of alcohol containing concentrated 
hydrochloric acid (1 c.c. per litre). The 
precipitates were washed with alcohol until 
free from acid. The fractions extracted 
originally by ammonium oxalate were re-
dissolved in water, the solutions dialysed 
(3 days) against distilled water, and the 
pectin reprecipitated in alcohol as described 
above. When free from acid, the precipitates 
were washed with ether and finally dried in a 
vacuum desiccator. The yields of impure 
pectin obtained from different varieties of 
hops are given in Table I. The products 
varied in colour from a light buff to dark 
brown. They were readily soluble in water 
to give turbid solutions. 
Hydrolysis of pectin fractions and estimation 
of constituent sugars.—The pectin samples 
(0.1 g.) were dissolved in 01N sodium 
hydroxide solution (10 c.c.) and the mixtures 
shaken for 30 mm. to effect hydrolysis of the 
methoxyl groups. The alkali was neutralized, 
with 01N hydrochloric acid solution. Pectin-
degrading enzyme complex (20 mg.) in water 
(10 c.c.) was then added. The complex 
(similar to the S-type preparation of Ayres 
TABLE I 
YIELD AND COMPOSITION OF CRUDE Hop PECTIN FRACTIONS 




























(I) Fraction extracted by water 
Brewer's Gold 	.. 	 .. 1-50 0-53 1-24 513 4-0 61 614 718 
Bullion 	. . . . . . 1-73 3.47 073 23-7 1-5 2-2 274 326 
Early Choice 	.. 	 .. 143 204 1-88 483 21 2-4 52•8 598 
Eastwell Golding I 
(unsuiphured) 	.. 1-52 0-51 3-12 40-8 21 4-5 47-4 52.3 
Eastwell Golding II 	.. 1-51 202 1-59 39-2 2-6 43 46.1* 55-1 
Fuggles 	.. 	 .. 	 .. 121 1-59 1-62 414 2-3 22 45-9 52-2 
Northern Brewer 	.. 	 .. 1-28 178 0-60 24-4 2-7 30 301 362 
Fuggles (green hops) .. 1-09 2-30 2-97 34-6 2-1 45 42.2* 65-1 
(II) Fraction extracted by animoiziuns oxalate solution 
Brewer's Gold 	.. 	 .. 1-54 208 290 57.3 3-1 2-5 62-9 69-1 
Bullion 	.. 	 .. 	 .. 149 131 0-83 519 2-7 25 57-1 639 
Early Choice . . .. 1-32 2-33 127 73-2 3-1 19 782 91-7 
Eastwell Golding I 
(unsulphured) 	.. 146 3-17 1-42 48-6 2-1 2-0 52-7 593 
Eastwell Golding II 	.. 1-44 234 116 47-5 21 17 513 58-7 
Fuggles 	.. 	 ,.. 	 .. 123 2-26 208 65-4 2-2 23 70-9 801 
Northern Brewer 	.. 	 .. 166 3.45 0-99 447 trace trace 44-7 50-3 
Fuggles (green hops) .. 155 1-01 188 707 2-3 23 753 81-6 
Traces of glucose, xylose, and another sugar, possibly rhamnose, were present in these fractions after 
enzyme hydrolysis. 
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et al.1) was obtained adsorbed on kieselguhr 
and was stored at 00  C. When required for 
use the active material was dissolved from 
the adsorbent, which was filtered off. The 
pectin-enzyme solution was covered with a 
layer of toluene and incubated at 490  C. for 
2 days, blank experiments being carried out 
simultaneously. Examination of the solu-
tions by paper chromatography indicated 
(i) that hydrolysis was complete within 
2 days, and (ii) that no sugars were present 
in the blanks. With all fractions, precipi-
tates were noted on completion of the 
hydrolysis. These were removed by centri-
fuging and were dried off, but in no case did 
they contain carbohydrates (see also below). 
The solutions containing the sugars were 
concentrated to Ca. 05 c.c., and the hydroly-
sates were chromatographed. The presence of 
galacturonic acid, galactose and arabinose was 
invariably indicated, while traces of other 
sugars (see Table I) were detected in certain 
fractions. Estimations of the three main sugar 
components were carried out chromato-
graphically as described previously. 26 The 
results, calculated as anhydro sugar, are 
included in Table I. 
Analysis of pectin samples by precipitation 
with calcium chloride solution.—This was 
carried out by the procedure described by 
Cox6  based on the method of Carré & Haynes, 3 
the results being expressed as the percentage 
weights of calcium pectate derived from the 
different pectin fractions (Table I). These 
results are discussed later. 
Examination of insoluble residues obtained 
after enzymic hydiolysis.—Inipire pectin 
(water-soluble fraction from Fuggles, 1951, 
1.0 g.) was incubated with enzyme as above. 
After hydrolysis was complete, the residue 
was removed by centrifuging and dried to  
a brown solid (0.115 g.). The latter (nitro-
gen 3.3%; ash, as sulphate, 29%) was 
insoluble in cold water, but was soluble in 
boiling water and in sodium hydroxide 
(0.5N) giving turbid solutions. Neutral 
solutions gave a blue-green coloration with 
ferric chloride solution, indicating the pre-
sence of tannin. Hydrolysis of the solid 
with sulphuric acid (2N) followed by neutrali-
zation and chromatography failed to reveal 
the presence of any sugar. The hydrolysate, 
however, gave a purple coloration with nm-. 
hydrin, indicating the presence of amino 
acids. Residues obtained from Bullion and 
Brewer's Gold hops were of similar nature. 
The fractions extracted by water (Table I) 
yielded 10-15% of insoluble material, whilst 
those removed by ammonium oxalate solu-
tion gave 3-11%. 
Purification of pectin fractions.—The pectin 
was dissolved in water (100 parts) and re-
precipitated in alcohol as above. The pro-
cedure was repeated a further 5 times. The 
nitrogen contents of the samples (cf. Table I) 
were reduced to 05-09% by this procedure, 
but were not further reduced by continued 
treatment. Subsequent precipitation of the 
samples as the calcium salt was followed by 
regeneration of pectin by shaking the acidified 
alcoholic suspension for 6 hr., then washing 
the solid first with alcohol until it was free 
from acid and then with ether (Hirst & 
Jones16). This procedure reduced the 
nitrogen contents to ca. 0.2%. 
Examination of purified fractions.—The 
buff-coloured solids dissolved readily in water 
to give clear solutions which were not viscous. 
Observations on certain properties of the 
solutions are summarized in '[able H. 
Hydrolyses of the fractions (0.1 g.) were 
carried out using enzymes as described above. 
TABLE II 
PROPERTIES OF PURIFIED HOP PECTIN FRACTIONS 
(1% 
solution Relative Pectic Galac- 
Fraction in viscosity acid tan Araban Pectin 
Variety extracted by water) (200  C.) (%) (%) (%) (%) 
Early Choice 	.. water + 215° 19 86-5 3-8 3-8 94-1 
ammonium oxalate solution + 223° 2-0 874 31 1-7 919 
Eastwell Golding water + 211° 1-8 799 46 62 90-7 
ammonium oxalate solution + 227° 2-0 83-1 3-5 2-7 89-3 
apple pectin (240 
grade—B.D.H.) - + 204° 1 	16-8 1 	74-5 1 	2-9 1 	2-5 799 
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DIscussIoN 
As already stated (see Introduction) only 
fragmentary information is available on the 
constituents of "hop straw." However, in 
attempts to isolate pure pectin from this 
source it is necessary first to remove protein, 
tannin and other water-soluble constituents 
as completely as possible, because subsequent 
purification of any pectin is limited by its 
physical properties. Previous workers in 
this field8"0 ' 92 attempted to extract undesired 
constituents with water at temperatures in 
the range 20-50° C. The present work has 
revealed all these procedures to be somewhat 
unsatisfactory, resulting in only incomplete 
isolation of pectin (Table I).  
exact relation linking the molecular weights 
of pectins with their viscosities, but values 
of 50,000-280,000 have been quoted23 for the 
molecular weight of apple pectin determined 
by this method. On this basis the molecular 
weight of hop pectin might well be only 
about 10% of that of apple pectin. 
Turning to calculations of the amounts of 
pectin isolated as the calcium salts (Table 
III), these figures are based on an assumed 
content of calcium. The calcium salt of 
pectic acid theoretically contains 10.2% of 
calcium. However, several workers3 ' 6 have 
found that calcium pectate precipitates 
usually contain only 7.7% of calcium and 
this figure has commonly been used in 
TABLE III 
ESTIMATED YIELDS AND COMPOSITIONS OF PURE HOP PECTIN FRACTIONS 
(from the results in Table I) 
Composition of hop pectins 
(expressed as percentages I Yields of pectin (expressed as percentages of 
Variety 	I of total carbohydrate) 	 dry hops) 
Pectic Galac- 	 By estimation Total I By estimation I Total 
acid 	tan Araban of carbohydrate yield I of calcium pectatel yield 
836 65 9.9 092 1•89 099 
*91.1 4.9 4•0 *0.97 *0.98 
86•5 55 80 048 133 052 
90•9 4.7 4.4 085 077 
915 40 4•5 076 179 079 
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* The upper figures in each case are for the fractions extracted by water, the lower figures for the 
fractions extracted by ammonium oxalate solution. 
The calculated yields of the pectin fractions 
obtained by successive extractions of the 
prepared "hop straw" by warm water and 
by ammonium oxalate are also summarized 
in Table I. The products themselves 
possessed properties which were generally 
similar to those of other pectins. 20 It was 
noticeable, however, that solutions of hop 
pectins were much less viscous than other-
wise comparable solutions of apple pectin 
(Table II). Little information exists on any  
quantitative estimations of pectins. The 
discrepancy is ascribed to the presence of 
araban and galactan and to incomplete 
combination of pectic acid with the base. 
Using this same figure to calculate the yields 
of hop pectin it can be seen that the results 
are not in good agreement with those calcu-
lated from the total weights of the three 
polysaccharide components. It was, in fact, 
observed that the degree of co-precipitation 
between calcium pectate on the one hand 
Vol. 59, 1953] 	MACWILLIAM: CHEMISTRY OF HOP CONSTITUENTS 
	
485 
and araban and galactan on the other was 
variable. This circumstance together with 
the apparently lower molecular weight of hop 
pectin as compared with apple pectin makes 
the method unreliable as regards pectins 
extracted from hops. Accordingly, the results 
obtained chromatographically are regarded 
as definitely more trustworthy. 
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SUMMARY 
Pectin was extracted from "hop straw" 
after preliminary extraction of the latter with 
aqueous acetone. Two fractions were ob-
tained by using boiling water and subse-
quently ammonium oxalate solution as 
extractants. 
The fractions obtained were impure, 
since estimation of the galacturonic acid, 
galactose and arabinose obtained after 
hydrolysis of the fractions by enzymes showed 
that the pectin contents were between 
25-80%. 
The yield of pectin from dry hops 
was 1-2% for all varieties examined. 
Only traces of other polysaccharides 
were extracted with the pectin. 
Purification of selected fractions was 
carried out. The resulting materials were 
found to resemble other pectins apart from 
having much lower molecular weights. 
REFERENCES 
Ayres, A., Dingle, J., Phipps, A., Reid, W. W., 
& Solomons, G. L., Nature, Lond., 1952, 
170, 834. 
Campbell, W. G., Hirst, E. L., & Young, G. T., 
Nature, Lond., 1938, 142, 912. 
Carré, M. H., & Haynes, D., Biochem. J., 1922, 
16, 60. 
Charley, V. L. S., Chem. & hid., 1951, 394. 
Consden, R., Gordon, A. H., & Martin, A. J. P., 
Biochem. J., 1944, 38, 224. 
Cox, H. E., The Chemical Analysis of Foods, 
4th Edn. London: Churchill, 1950, pp.  44 
and 101. 
Fink, H., & Hartmann, J., Woch Brau., 1935, 
52, 221. 
Fink, H., & Just, F., Woch. Brau., 1935, 52, 
341. 
Fink, H., & Just, F., Woch. Brau., 1935, 52, 
349. 
Fink, H., & Just, F., Woch. Brau., 1935, 52, 
362. 
Fink, H., & Just, F., Woch. Bran., 1936, 53, 
33. 
Fink, H., & Just, F., Woch. I3rau., 1937, 54, 
281. 
Fink, H., & Just, F., Woch. Brau., 1938, 55, 
17. 
Flood, A. E., Hirst, H. L., & Jones, J. K. N., 
J. chem. Soc., 1948, 1679. 
Hirst, E. L., & Jones, J. K. N., Adv. Carbo-
hydrate Chem., 1946, 2, 235. 
Hirst, H. L., & Jones, J. K. N., J. chem. Soc., 
1939, 454. 
Hirst, E. L., Jones, J. K. N., & Walder, 
W. 0., J. chem. Soc., 1947, 1225. 
Jermyn, M. A., & Tomkins, R. G., Biocheni. J., 
1950, 47, 437. 
Joslyn, M. A., & Phaff, H. J., Wallerstein 
Lab. Commun., 1947, 10, 39. 
Kertesz, Z. I., The Pectic Substances. New 
York: Interscience Publishers, 1951. 
ibid., p. 19. 
ibid., p. 36. 
ibid., p. 61-66. 
ibtd., p. 100-104. 
ibid., p. 305. 
MacWilliam, I. C., this Journal, 1953, 142. 
McCready, R. M., Swenson, H. A., & Maclay, 
W. D., Industr. Engng Chem., Anal. Ed., 
1946, 18, 290. 
Norman, A. G., Nature, Loud., 1939, 143, 284. 
Norris, F. W., & Resch, C. E., Biochenz. J., 
1937, 31, 1945. 
Reid, W. W., J. Sci. Food Agric., 1950, 1, 234. 
Reprinted from the JOURNAL OF THE INSTITUTE OF BREWING, VOL. LX, No. 2 
(VOL. LI , NEW SERIES), MARCH-APRIL, 1954 
CHEMICAL ASPECTS OF MALTING 
IV. CHANGES IN THE CARBOHYDRATES OF 
BARLEY DURING MALTING 
BY 
G. HARRIS, Ph.D., A.R.C.S., and I. C. MacWILLIAM, Ph.D. 
BREWING INDUSTRY RESEARCH FOUNDATION 
CHEMICAL ASPECTS OF MALTING 
IV. CHANGES IN THE CARBOHYDRATES OF BARLEY 
DURING MALTING 
By G. HARRIS, Ph.D., A.R.C.S., and I. C. MACWILLIAM, Ph.D. 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Received 7th November, 1953 
The changes undergone by the simpler carbohydrates of barley during matting 
have been described recently by MacLeod, Travis, & Wreay (this Journal, 1953, 154). 
A similar independent investigation of these changes has been carried out and has 
been extended to include changes in the more complex carbohydrate fractions, 
including starch. The changes observed in the simple sugars are in general agreement 
with those described by MacLeod et al. In the polysaccharide fractions, those 
containing fructose residues show a decrease on steeping and during the 
first day cn the malting floor, but those containing glucose, arabinose and xylose 
residues show a rise on steeping, followed by a fall lasting fu it two days and thereafter, 
a steady rise throughout germination. The overall fall in starch which occurs in 
passing from barley to malt is comparable in magnitude with both the rise in 
sucrose and the rise in glucosan occurring at the same time, although some of the 
glucosan may arise from sources other than starch. 
INTRODUCTION 
MacLeod, Travis & Wreay 22 recently 
described the changes occurring in the 
quantities of the free sugars of Ymer barley 
during malting, and Montreuil & Scriban" 
have made a similar but qualitative study of 
Aurore barley. We were quite independently 
interested in such changes, and now report a 
more general analysis embracing also the 
more, complex carbohydrates, including 
starch, in Plumage-Archer barley. 
The barley samples, collected from a 
commercial maltings, were first treated with 
boiling aqueous ethanol to inactivate the 
enzymes present,' ,24  and the simple sugars 
were then extracted from the ground grains 
by further treatment with, aqueous etha-
nol.15 ,21  A portion of the combined solution 
of free sugars was analysed qualitatively and 
quantitatively using paper chromatographic 
methods previously described by Mac-
William's and by Harris, Barton-Wright & 
Curtis. 9 A further portion of the solution 
was boiled with dilute sulphuric acid to 
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hydrolyse any oligosaccharides present and 
the solution analysed again for free sugars. 
The amounts of oligosaccharides originally 
extracted were computed from the increase in 
free sugars after hydrolysis. This procedure 
does not, of course, give an estimate of 
individual oligosaccharides, except those 
which are identified on paper chromato-
grams, but gives the total amounts and 
natures of monosaccharides which are bound 
as polysaccharides; figures as reported below 
are corrected for sucrose, maltose, malto-
triose, glucodifructose and rafilnose. 
Aqueous extracts prepared from the 
alcohol-extracted grains were similarly hydro-
lysed, the samples being analysed chromato-
graphically. The total yields of alcohol-
soluble and water-soluble polysaccharides 
are shown in Table V. After removal of the 
sugars soluble in ethanol and water respec-
tively from the barley or malt samples, the 
residual starch was extracted with chloral 5 ' 27 
and estimated as glucose after hydrolysis. 37 
Similar extractions with perchioric acid 2-9,34  
TABLE I 
STARCH CONTENT OF BARLEY AND MALT 
(PLUMAGE-ARCHER) 
(% dry weight of grain at time of sampling; 
Extraction with choral, precipitation with 
acetone) 
Barley 	.. 	 .. 	 .. 	 .. 57.3 
First day on floor .. 	 .. 563 
Third day on floor 	.. 	 .. 55.3 
Seventh day on floor 	.. 	 .. 549 
Last (tenth) day on floor .. 529 
Kilned malt (with rootlets) 	.. 531 
were found to be less satisfactory, as some 
degradation of malt starch was found to 
occur in this reagent. The results obtained 
are summarized in Table I. 
The simpler (alcohol-soluble) sugars in the 
raw barley were fructose, glucose, sucrose, 
and raffinose of which the last two repre-
sented the bulk of free sugar (see Table II). 
Another sugar was revealed on the paper 
chromatograms by a naphthoresorcinol-
phosphoric acid' spray reagent. 7 This carbo-
hydrate was shown by hydrolysis followed by 
chromatography to be a glucodifructose, thus 
confirming the findings of MacLeod.' It 
was non-reducing and may be identical with a 
glucodifructose which is found in hops and 
which may be isolated from certain other 
sources, 2 ' 79 '23  taking up a position on paper  
chromatograms, prepared with ethyl acetate-
pyridine-water, 13 between maltose and raffi-
nose. 
The alcohol-soluble sugars of the barley 
included a series of fructosans which stretched 
on paper chromatograms from raffinose to 
the starting line. These were estimated as 
alcohol-soluble fructosan (Table III and 
Fig. 2) and form a considerable percentage of 
the sugars of barley. It is interesting that 
the bulk of the fructosan in the barley is so 
soluble in 80% ethanol that only traces of 
fructosan were found in the subsequent 
aqueous extract of the residual grain. 
Maltose was detected only in traces in the 
barley. The presence of this sugar has been 
controversial in the past, 12,14,22,30 but the 
recent chromatographic studies described 
here and by MacLeod show that maltose is a 
normal constituent of the grain although it 
forms only a small percentage of the total 
free sugar. Montreuil & Scriban 28 have 
obtained essentially similar results from 
Aurore barley. In addition, however, these 
authors report the presence of traces of 
arabinose, xylose, ribose and uronic acids in 
the simple sugar fraction. We have ex-
amined Aurore barley by means of the above 
techniques but failed to observe these latter 
sugars. It is possible that the pentoses 
observed by Montreuil & Scriban originated 
from autolysis occurring during the extrac-
tion, the enzymes not having been in-
activated. In this connection it is perhaps 
significant that the alcohol-soluble poly-
saccharides of the barley included not only a 
fructosan fraction and a small amount of 
glucosan but also traces of "araban" and 
"xylan," presumably consisting of degraded 
barley gums. 25 ' 32 It should be stressed that 
the terms glucosan, araban, and xylan are 
not used here to describe chemical entities, 
but only to refer to polymers yielding the 
individual sugars on hydrolysis. Thus "gluco-
san" refers to the total soluble polysac-
charide yielding glucose on hydrolysis, and 
does not distinguish between the -g1ucösan 
of Preece & Mackenzie 32 and glucosans of 
other type, including dextrinous material 
related to starch. 
Turning now to the water-soluble poly-
saccharides (Table IV; Fig. 3), these com-
prised fructosan, glucosan, araban, and 
xylan, together with traces of galactan. 
Except for fructosan, these polysaccharides, 
which are presumably of the nature of the 
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barley gums studied by Preece & Mac-
kenzi02 and by Meredith el al.,25 were 
considerably greater in quantity than were 
the corresponding alcohol-soluble consti-
tuents. 
Reverting to Table II it will be seen that, 
on steeping, the quantities of sucrose and 
raffinose diminished considerably (cf. Fig. 1), 
whilst those of glucose and fructose showed a 
slight increase. Simultaneously, the water-
soluble polysaccharides, with the exception  
"maltotriose" is here being employed to 
denote the mixture of reducing disaccharides 
and trisaccharides which occupies a particular 
single spot on paper chromatograms with the 
solvent mixture used. Rises were also 
observed throughout the malting period in 
all the other sugars mentioned above as well 
as in polysaccharides (Tables III and IV; 
Figs. 1-3). The presence of free pentoses 
was first observed after the barley had been 
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Fig. 1.—Changes in amount of lower-molecular alcohol-soluble 
carbohydrates during malting. 
of the fructosan and galactan (Table IV; 
Fig. 3), showed an increase in amount 
followed by a decrease during the first two 
days of germination on the floor. During 
the latter period sucrose, raffinose, and 
glucodifructose all continued to decrease 
until, after three days, raffinose and glucodi-
fructose had virtually disappeared. Just at 
this time sucrose commenced to increase, the 
rise being paralleled by an increase in 
maltose and the appearance of "maltotriose," 
all of these increases being augmented as 
malting proceeded. It should be noted that 
these sugars never exceeded 0.05% of the 
weight of the grain. The bound pentoses, 
however, showed a rise during the later 
phases of germination (cf. Preece & Mac-
kenzie32). 
No estimates of raffinose and glucodi-
fructose in the green and kilned malt samples 
are included in Table II, as the mixture of 
di-, tn-, and higher saccharides in these 
samples is not sufficiently well resolved on 
paper chromatograms to permit this. As 
the separation of this mixture is of impor-
tance, both for an understanding of the 
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enzymic processes in malting and kilning and 
for a knowledge of wort composition, 
attempts to effect this resolution by means of 
chromatography on carbon-celite3 ,36  are now 
being made. 
During kilning of the green malt both 
glucose and sucrose increased in amount, the 
increase in the latter being particularly well 
marked. At the same time the amounts of 
maltose and "maltotriose" rose slightly, 
whereas the quantities of fructose, fructosans, 
glucosans, and pentosans all fell, the fall in 
glucosans being particularly large and 
amounting to ca. 5% of the dry weight of the 
grain (Figs. 2 and 3). 
Finally, as shown in Table I, the amount of 
starch fell during germination from 57% to 
53%, at which point it remained during 
kilning. This fall is comparable with that 
found by other workers17 ,18 ,19 using different 
methods. It is significant that it is insuffi-
cient to account fully for the glucosans 
formed during germination. The latter would 
appear not to be derived exclusively from 
starch; possibly cell constituents such as the 
gums make a contribution. These results are 
further discussed below. 
EXPERIMENTAL 
Samples of grain.—Samples of barley (Ca. 
1 kg.) were collected from a commercial 
maltings before and after steeping and 
usually at daily intervals during the flooring 
and kilning. They were put into boiling 80% 
ethanol (Ca. 2 litres) as soon as possible, 
and the mixture was heated under reflux for 
2 hr. The killed, whole grains were filtered 
off, washed successively with 80% ethanol 
and ether, and dried by heating in a vacuum. 
They were then ground in a Wiley mill 
(1 mm. screen), and exhaustively extracted 
with 80% ethanol in a Soxhiet apparatus. 
The extracts were added to the corresponding 
solutions obtained on killing the grain, the 
combined solutions being evaporated in a 
vacuum. The residues were dried by re-
peatedly adding mixtures of ethanol and 
benzene and evaporating them. The dried 
residues were weighed (see Table V) and 
separately dissolved in water to give solu-
tions suitable for paper chromatography. 
Aliquot parts of the solutions were added to 
ribose, so that the final concentration of this 
sugar was 1% in each case. The solutions 
were then analysed by means of paper 
chromatography as described below. Further 
aliquots of the solutions were made 10 N 
with respect to sulphuric acid by addition 
of the concentrated acid; they were then 
heated under reflux for 6 hr. The solutions 
were cooled and then neutralized with solid 
barium carbonate, the solid was filtered off, 
and filtrate and washings were evaporated to 
a suitable volume for chromatography as 
before. 
Efficacy of enzyme inactivation.—This was 
shown to be complete in the case of raw 
barley by comparing the results obtained by 
inactivating the grain with mercuric chloride 
and with ethanol. A sample (10 g.) was 
ground with solid carbon dioxide and the 
powder was added to saturated aqueous 
mercuric chloride (200 c.c.). 3' The solid was 
filtered off and washed, and mercuric chloride 
was removed from the filtrate by passage over 
the ion-exchange resins, Amberlite 1R120 and 
1R4B. The final solution was evaporated 
and then analysed by paper chromatography 
as below, the results being given in Table VI. 
It will be seen that the amounts of the sugars 
found in barley by this method are, within 
the limits of experimental error, identical 
with those found in grain inactivated with 
ethanol (cf. Table II). 
Extraction of samples with water.—Each 
ground sample, after exhaustive extraction 
with aqueous ethanol, was dried at 50° C. 
The moisture content was estimated accord-
ing to the standard procedule of the Institute 
of Brewing (this Journal, 1948, 179). The 
sample was then extracted with five times its 
own weight of water at 40° C. for 1 hr. The 
liquid was centrifuged clear and the solid 
extracted twice more in the same way. The 
solid was finally washed on to a filter and the 
filter cake washed with water. The total 
extract and washings were clarified by 
filtration through Celite 535 (Johns-Manville 
& Co.), evaporated to small bulk in a vacuum, 
and finally freeze-dried. The yields of 
extracts are given in Table V. An aliquot 
portion (ca. 10 g.) of the solid was dissolved 
in FO N sulphuric acid (ca. 60 c.c.) and the 
solution heated under refiux for 6 hr., 
cooled, and neutralized as above. The 
barium salts were washed successively with 
water and ethanol, and the filtrate and 
washings evaporated in a vacuum to yield a 
residue which was made up to known volume 
(20-25 c.c.) in water, and filtered where 
necessary. Ribose was added as before to 
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yield a solution suitable for chromatographic 
estimation of the sugars. 
Extraction of starch.—The residual sample 
from the previous extraction with water was 
washed with ethanol and with ether and dried 
at 50° C. After determining the moisture 
content of the sample, the starch was 
extracted from it with aqueous chloral by 
the method of Bourne, Stacey, & Wilkinson5 ,27 
and precipitated with acetone. The pre- 
found that decomposition of starch in the 
extract occurred on standing. The decom-
position of malt starch was particularly 
marked, and the procedure using chloral was 
therefore preferred (see Table I). 
Examination of sugar solutions by paper 
chromatography.—The methods used were 
essentially those described by MacWil1iam 23  
and by Harris, Barton-Wright & Curtis. 9 A 
mixture of ethyl acetate-pyridine-water 
TABLE II 
CHANGES IN THE SIMPLE SUGARS OF BARLEY DURING MALTING 






Days on matting floor 
Kilned 
malt* 1 2 3 4 7 
- 
9 10 
Fructose 	.. 	 .. 007 016 007 009 016 031 027 0.47 053 0'28 
Glucose .. 	 .. 002 008 005 010 022 036 073 1•05 113 154 
Sucrose 	.. 	 .. 1-07 075 051 072 042 058 109 171 185.. 424- 
Maltose .. 	 .. Trace 004 001 001 008 0.11 043 0•62 0•67 0•68 
Maltotriose 	.. 	 .. Nil Nil Nil Nil Nil 0•03 009 042 0•53 051 
Raffinose .. 	 .. 029 019 017 002 Nil ? ? ? ? 
Ca. Ca. Ca. Ca. 
Glucodifructose 	.. 01 01 005 001 001 ? ? ? 
Xylose + Arabinose.. Nil Nil Nil Nil Trace 001 001 005 005 ? 
* With rootlets. 
TABLE III 
CHANGES IN THE POLYSACCHARIDES SOLUBLE IN 80% ETHANOL 






Days on malting floor 
Kilned 
malt 1 2 3 4 7 
007 
9 10 
Fructosant 	.. 	 .. 043 0•21 0•17 0•25 061 081 0.84 0-30 
Glucosant 	.. 	 .. 026 017 008 
q11 
047 073 133 F98 229 053, 
Araban .. 	 .. 004 002 001 0'05 007 0.10 017 018 O•19 
Xylan .. 	 .. 	 .. 004 002 002 006 008 0.10 0•18 0•19 021 
Corrected for sugars shown in Table II 
cipitate of starch was filtered off and estim-
ated as glucose after hydrolysis with 1•0 N 
sulphuric acid. The glucose was estimated 
by oxidation with alkaline hypoiodite accord-
ing to the method of Willstätter & Schudel. 37 
Alternatively, the starch was extracted with 
perch loric acid29 and precipitated as a com-
plex with iodine. The complex was decom-
posed with sodium hydroxide in aqueous 
ethanoiM and the solid residue of starch was 
filtered off and estimated as glucose as above. 
In using the perchioric acid procedure, it was 
(2 : 1: 2) 13 effected a satisfactory separation 
of the simple alcohol-soluble sugars. This 
solvent afforded also excellent separation of 
the di- and tn-saccharides. However, ex-
amination of the hydrolysates of the alcohol-
and water-soluble polysaccharides was more 
conveniently effected using ethyl acetate-
acetic acid-water (3 : 1 : 3). 13  
Quantitative estimations of the sugars were 
carried out according to the method of 
MacWilliam23 except that ribose was used as a 
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Those papers developed with ethyl acetate-
pyridine-water were allowed to run for 16-
18 hr., whilst those developed with ethyl 
acetate-acetic acid-water required 24-30 hr. 
for adequate separation of the sugars. The 
results obtained for the barley samples 
examined are summarized in Tables TI—TV 
and in Figs. 1-3. 
Loibl,18 "9 ' 20 Täufel & Muller,35 Kluyver,14 and 
James & James .12 The paper chromato-
graphic method, however, has made possible 
the present more general survey and detailed 
analysis of the sugars. 
Reference to Tables II—IV and Figs. 1-3 
shows that the salient features of the changes 
occurring during malting are: (a) sucrose 
Fig. 2.—Changes' in amount of alcohol-soluble oligosaccharides 
during malting. 
DISCUSSION 
The literature on the carbohydrates of 
barley has been reviewed recently 19,21,22,33  
particularly by MacLeod, 2' and therefore no 
detailed discussion is required here. Many 
of the sugars of barley had been identified 6 1 21 ' 
before the advent of paper chromatography, 
although this did not apply to glucodi-
fructose; in addition, the older methods 
necessarily did not permit any accurate 
estimate of the latter carbohydrate or of 
higher fructosans to be made. The general 
nature of the changes in the simpler sugars 
of barley during malting had also been 
studied by a number of earlier investiga-
tors, including Brown & Morris, 8 Luers &  
increases during germination and kilning; 
(b) fructosan and other sugars diminish 
during steeping and then rise during germina-
tion to fall again during kilning; and (c) 
glucosan decreases particularly sharply dur-
ing kilning, following the large rise during 
germination. The last-mentioned rise is 
paralleled by a corresponding fall in starch. 
Considering the above changes in detail, 
the increase in sucrose 8 during germination 
and kilning can be adequately explained only 
by its formation from glucosan, which is in 
turn derived probably from starch by 
amylase action and perhaps to some extent 
from cellulose by cytase action. This can 
clearly be seen by reference to Table II where 
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it will be noted that, in kilning the malt, the 
sucrose increase amounts to ca 24%, a rise 
which can only be accommodated by the fall 
of over 5% in total glucosan (Tables III and 
IV and Figs. 1 and 2). The malt studied by 
MacLeod et al. did not conform to this 
pattern in that the extra rise in sucrose during 
kilning could be accounted for by the fall in 
fructosan as distinct from glucosan. In the 
present instance, reference to Tables TI—TV 
shows that the drop in fructosan is insuffi-
cient to explain the sucrose formed. It is 
concluded, therefore, that at least part of 
the sucrose is formed on the kiln from glucosan 
although it is possible that another part may 
be derived from fructosan. 
The results given in Table II agree 
generally with those reported by MacLeod 
et al., 22 though it must be emphasized that 
direct comparison with the earlier figures is 
not possible. Thus, MacLeod has presented  
results throughout the malting process on 
the equivalent of a fixed initial weight of 
barley or, alternatively, on analyses of 
1,000 corns at each stage, whereas the present 
figures refer only to percentage compositions 
at each stage so that malting loss cannot be 
allowed for. Nevertheless, the general pic-
ture in each case is indubitably the same, 
though a few points of minor difference seem 
worthy of record, bearing in mind the 
different bases of calculation in the two cases. 
For instance, MacLeod et al. found that, of 
the total malting rise in sucrose, the pro-
portion formed in kilning was much lower 
than that observed here. Thus, whereas the 
rise of 24% in sucrose (Table II; Fig. 1) 
represents 64% of the total increase (3.73%) 
from the first day of malting to the final malt, 
the corresponding percentage found by 
MacLeod et al. was at most 40%. Again, the 
contents of glucose and fructose were found 
TABLE IV 
CHANGES IN THOSE RESIDUAL POLYSACCHARIDES WHICH ARE SOLUBLE IN WATER AFTER ALCOHOLIC 
PRE-EXTRACTION 






Days on malting floor 
Kilned 
malt 1 2 3 4 7 9 10 
Fructosan 	.. 	 .. 005 004 004 - 003 006 009 005 008 Trace 
Glucosan .. 	 .. 1'01 260 170 126 1'61 I•78 1•96 3•68 4•64 114 
Araban 	.. 	 .. 0-08 014 014 009 014 019 0-36 0-34 0-46 0-20 
Xylan .. 	 .. 	 .. 008 012 0-12 009 0-13 0•20 0'28 0-44 042 0-21 
Galactan .. 	 .. Trace Trace Trace Trace Trace Trace Trace Trace Trace Trace 
TABLE V 
CHANGES IN 80% ALCOHOL AND WATER EXTRACTS OF BARLEY DURING MALTING 
(Results expressed as % of dry weight of grain at time of sampling) 
Days on malting floor 
Initial Steeped Kilned 
1 2 3 4 7 
- 
9 10 barley barley malt 
Total 	alcohol-soluble 2-32 1-74 1•04 1-32 1-64 2-53 4-76 7-78 8-26 8-48 
carbohydrate 	(Calc. 
from Tables II & III.) 
Total 	water - soluble 126 2-79 2-00 1-48 1-92 2-17 2•30 4-46 560 1-55 
carbohydrate 	(Calc. 
from Table IV). 
Total 	alcohol-soluble 639 577 4-42 3-88 4•60 7-48 11-4 119 13-9 18-5 
material.* - 
Total 	water - soluble 2-43 464 324 2•71 3•52 4-15 6-19 7-38 748 8-15 
material. 
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in the present investigation to rise on 
steeping (Table II; Fig. 3), whereas MacLeod 
found that glucose decreased during steeping 
from 0.034% to 0.022% and that fructose 
rose almost imperceptibly from 0041 to 
0044. Further, the contents of maltose and 
'maltotriose" were found in the present work 
"maltotriose" are formed more rapidly than 
they are consumed either by maltase attack' 8 
or in other ways. This is in contra-distinc-
tion to the state existing at the commence-
ment of malting, when the concentrations of 
all the sugars decrease (Tables II—IV and 
Figs. 1-3). At this time the rate of loss of 
Fig. 3.—Malting changes of oligosaccharides insoluble in alcohol 
but soluble in water. 
to be essentially unchanged during kilning, 
while the earlier workers found decreases both 
of maltose and of "maltotriose." These 
variations focus attention on the differences 
in malt which may be occasioned by 
differences in variety, 4 cultural conditions, 
and malting procedure. In addition, they 
stress the important role which is played by 
kilning in altering the character of the grain. 
As has been suggested by numerous earlier 
workers, the formation of maltose, "malto-
triose" and glucose in the latter part of 
malting presumably proceeds by amylase 
action at the expense of starch via dextrinous 
water-soluble glucosan. Amylase action natu-
rally becomes more powerful as malting 
proceeds, with the result that maltose and  
sugar by respiration is greater than its rate 
of formation from reserve materials, raffinose 
and glucodifructose disappearing completely. 
Later, all other sugars increase, among these 
being fructosans occupying positions on paper 
chromatograms similar to and above those of 
raffinose and glucodifructose. It is not 
impossible that these fructosans are structur-
ally related to glucodifructose (cf. Preece & 
MacLeod). 
The complexity of the di- and tri-saccharide 
fraction of the malt sugars has led to the 
description of this fraction as "maltotriose" 
(see above), in Table II and Fig. 1, pending the 
complete separation and analysis of its con-
stituents. "Maltotriose" is adequately separ-
ated from raffinose by paper chromatography 
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in the solvent mixture ethyl acetate-py-
ridine-water, however, and it has conse-
quently been possible to show beyond doubt 
that raffinose is not present in malt. This is 
in agreement with the results of MacLeod el al. 
and supports the conclusion9 that raifinose is 
absent from wort. The identification of this 
sugar in wort by Montreuil & Scriban 28 is 
therefore ascribed to its confusion by these 
authors with "maitotriose." 
TABLE VI 
ANALYSIS OF SUGAR EXTRACT FROM BARLEY 
AFTER INACTIVATION WITH MERCURIC CHLORIDE 
(% dry weight of grain) 
Fructose 	 .. 	006 
Glucose .. 002 
Sucrose 	 .. 	1-02 
Maltose . - 	. 	.. Trace 
Maltotriose 	 .. 	Nil 
Raffinose .. 032 
Such analyses as the above have drawn 
attention to a number of chemical and bio-
chemical problems, among which may be 
included: (a) the determination of the 
mechanism of sucrose formation and utiliza-
tion in the embryo of barley; (b) the separa-
tion and identification of the glucosans or 
dextrins giving rise finally to sucrose; (c) the 
comparison of such glucosans or dextrins 
with those produced on mashing the malt; 
and (d) the elucidation of the mode of 
attack on starch by the appropriate enzymes 
during malting. With regard to the latter 
it is of interest to note that considerable 
changes occur in the nature as well as the 
amount of starch of barley during malting'°' 11 
and this clearly has considerable bearing on 
the question of malt modification. Of these 
problems, (a) and (b) at least are not new, but 
elucidation of all four is essential if this 
aspect of malting change is to be properly 
understood, and the importance of the 
issues raised is full justification for the 
interest which is now being taken in a number 
of laboratories in the germination behaviour 
of carbohydrates. 
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A DIPPING TECHNIQUE FOR REVEALING SUGARS 
ON PAPER CHROMATOGRAMS 
By G. Harris and I. C. Mac William 
Brewing Industry Research Foun'dation, Nutfield, Surrey 
The spraying of paper chromatograms with chromogenic 
reagents to reveal the compounds separated is common practice. 
Recently, however, treatment of the papers by dipping in the 
reagent has found favour, e.g. amino-acids have been made 
visible on chromatograms in this way with a number of reagents 
by Smith,' Harris and Pollock, 2 and Jepson and Stevens, 3 and 
polyphenols have been similarly located by dipping chromato-
grams in a mixture of ferric chloride and potassium ferricyanide 
in water. 4 We have now found that this technique can be 
adopted for the detection of sugars by modifying the conventional 
benzidine-trichloroacetic acid, naphthoresorcinol-phosphoric acid 
and diphenylamine-aniline-phosphoric acid reagents, described 
respectively by Bacon and Edelman, 5 De Whalley, Albon and 
Gross,6 and Buchan and Savage . 7 The modification consists in 
replacing ethanol with acetone and in reducing the amount of 
water in the reagents as described below. 
The first reagent is made up in its modified form by mixing 
benzidine (o5 g.) in acetic acid (5 c.c.), trichioroacetic acid 
(4 g.) in water (5  c.c.), and acetone (90 c.c.). It is stable over 
long periods at 0  C when stored in a dark bottle. The second 
-reagent consists of naphthoresorcinol (o .2% w/v in acetone; 
vols.) and 3N-phosphoric acid (i vol.). The naphthoresorcinol 
solution is kept at 00  C. and is mixed with the phosphoric acid 
just before use. The third reagent is made up of diphenylamine 
(2% w/v in acetone; 5 vol.), aniline (2% w/v in acetone; 
vol.), and 85% phosphoric acid (i vol.). The solutions of the 
amines are kept at 0 ° C. and the complete reagent is made up 
immediately before use. The papers are passed rapidly and 
evenly through the appropriate reagent, allowed to dry, and 
then heated at 100° C. to develop the colours. 
This technique is time-saving, gives uniform background 
colour, and minimizes the risk involved in the use of compounds 
having carcinogenic activity as described by Scott. 8 
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Variations in the amounts of the constituent carbohydrates of the barley grain 
which occur during the last weeks of ripening, harvesting, drying and storage have 
been examined. Although glucose.- fructose, sucrose, glucodifructose, and raffinose 
were present in all the samples studied, they were found to vary in quantity during 
the period undei ievew, the !at three. sugars showing a considerable increase 
immediately before harvesting, and this increase continued during the kilning of 
the grain. Changes were also observed in the amounts of water-soluble oligo-
saccharides of the barley grain, but the quantity of starch did not vary appreciably 
throughout the period investigated. During storage before malting, the above-
mentioned simple sugars decreased in amount significantly. 
INTRODUCTION 
The recent investigations by various 
workers of the variations in the composition 
of the carbohydrate fraction of the barley 
grain during malting15 ' have shown a general 
agreement, at least in the results for simple 
sugars, with only minor differences. Small 
differences are scarcely surprising in view of 
the large number of factors of heredity and 
* Part I of this series has been published already 
as Part IV of Chemical Aspects of Mailing (this 
Journal, 1954, 149).  
environment which influence the character of 
any one barley crop. Little information is 
available, however, on any changes which 
occur in the fully-developed barley grain 
during the period immediately prior to and 
following harvesting, although much is 
known of the changes in the composition of 
the growing barley plant from the work of 
Archbold and her collaborators. 25 ' 26 Such 
information is necessary as a background for 
any systematic work on the barley used for 
malting, and the carbohydrates in this 
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material were therefore determined, following 
the procedure described earlier, 15 in three 
fractions: 
sugars soluble in 80% ethanol; 
oligosaccharides soluble in water at 
400 C.; and, 
starch. 
The results of the analyses are presented 
in Tables I-V. 
of grain before drying. The dried barley 
was examined as it left the kiln for storage 
and again before malting. 
Inactivation of enzymes and the preparation 
of the carbohydrates soluble in 80% ethanol.—
The samples of grain obtained as above 
(Ca. 300 g.) were put into boiling 80% ethanol 
(Ca. 1 litre) immediately after collection and 
heated under refiux for 2 hr. The solids 
were filtered off, dried, ground and exhaus- 
TABLE I 
CHANGES IN THE SIMPLE SUGARS OF BARLEY DURING RIPENING AND STORAGE 
(Results expressed as % of dry weight of grain at time of sampling) 
Time of sampling 
Weeks before harvesting 
At Before After Before 
4 3 2 harvesting drying drying malting 
Date of collection 30th 7th 12th 27th 1st 3rd 30th 
(1953).. 	.. July August August August September September November 
Fructose 	.. 	 .. 006 006 009 008 009 012 007 
Glucose .. 	 .. 002 003 003 003 004 006 004 
Sucrose 	.. 	 .. 091 071 094 103 113 129 077 
Glucodifructose .. 012 009 009 012 019 025 008 
Raffinose 	.. 	 .. 041 020 013 016 023 035 015 
Maltose .. 	 . . - - - - - trace trace 
TABLE II 
CHANGES IN THE OLIGOSAcCHARIDES OF BARLEY SOLUBLE IN 80% ETHANOL 
(Results expressed as % of dry weight of grain at time of sampling) 
Time of sampling 
Anhydro- Weeks before harvesting 
sugar At Before After Before 
4 3 2 units harvesting drying drying malting 
Galactan 	.. 	 .. 004 005 005 004 003 000 0'00 
Glucosan .. 	 .. 037 069 050 040 036 022 033 
Fructosan 	.. 	 .. 028 042 035 026 022 016 027 
* Araban and xylan were found in traces throughout. 
EXPERIMENTAL 
Preparation of samples for analysis.—The 
heads of the growing barley plants (variety 
Carlsberg) were severed from the stems, and 
the grains were removed from the rachis 
and separated by hand from the awns 
and from adventitious material. Grain 
samples were obtained from the same part 
of one field at intervals commencing at a 
period four weeks before harvest. Samples 
were also obtained from the combine-
harvester at harvesting time and from sacks  
tively extracted with 80% ethanol in a 
Soxhiet apparatus as previously described. 15 
The combined ethanolic extracts from each 
sample were evaporated to dryness in a 
vacuum and weighed (see Table V). The 
residues were separately dissolved in water 
(300 c.c.), and aliquot parts of the solutions 
(10 c.c.) were added to known quantities of 
ribose so that the final concentration of this 
sugar in the solutions was Ca. 1%. The 
solutions were then analysed chromato-
graphically on paper as described below. 
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Estimation of carbohydrates by paper 
chromatography.—The papers were developed 
for 16-18 hr. with a solvent mixture consist-
ing of the upper layer of a mixture of ethyl 
acetate (2 vol.), pyridine (1 vol.) and water 
(2 vol.). The sugars were located on the 
dried papers by dipping in one of the follow-
ing reagents 16 : (a) a mixture of benzidine 
(0.5 g.) in acetic acid (5 c.c.), trichioroacetic 
acid (4 g.) in water (5 c.c.), and acetone 
(90 c.c.); (b) a mixture of naphthoresorcinol 
(0.2% W/v in acetone; 5 vol.) and 3-N phos-
phoric acid (1 vol.); and (c) a solution com-
posed of diphenylamine (2% w/v in acetone; 
5 vol.), aniline (2% w/v in acetone; 5 vol.), 
and 85% phosphoric acid (1 vol.). 
Reagents (a) and (c) were found to be 
generally useful for all sugars and reagent (b) 
for ketoses. The separate constituents of the 
reagents (b) and (c) were kept at 0° C. to 
preserve them and were mixed just before 
use. In all cases the sugars were revealed 
on the dipped papers by heating at 1000  C. 
for 5 mm. 
After location of the sugars on the 
chromatograms, their quantitative estimation 
was effected by the methods described by 
Harris & MacWilliam. 15 The amounts of each 
sugar in the solutions were calculated by 
comparison with the known amount of 
ribose which had been added. 
The results of the estimations of the sugars 
soluble in 80% ethanol are shown in Table I. 
Further aliquot portions of the aqueous 
solutions containing these sugars were diluted 
with equal volumes of 2-N sulphuric acid and 
the resultant solutions heated under rcfiux 
for 6 hr. The solutions were cooled, 
neutralized with solid barium carbonate, and 
the solids filtered off; the filtrates and wash-
ings were evaporated so as to bring the sugar 
content to approximately 1%, a concentra-
tion suitable for chromatographic analysis. 
The solutions were chromatographed on 
paper using, in this case, the top layer of 
a mixture of ethyl acetate (3 vol.), acetic 
acid (1 vol.), and water (3 vol.), as the solvent 
for development (24-48 hr.). From the 
results of the analyses, the amounts of 
ethanol-soluble oligosaccharides were calcu-
lated (Table II) after correction for the 
presence of mono-; di-, and trisaccharides 
(Table I). 
Preparation of the water-soluble carbo-
hydrates.—The residual materials left after  
removal of the simple sugars with 80% 
ethanol were now extracted three times with 
five parts of water at 40° C. for 1 hr. The 
component carbohydrates in the extract 
were hydrolysed as above after freeze-drying, 
and the resulting sugars estimated by 
chromatography on paper to give the results 
summarized in Tables III and V. 
Extraction and estimation of starch.—The 
residues from the foregoing extractions were 
dried at 500  C. after washing with ethanol 
and ether, and the starch was extracted from 
them with aqueous chloral and precipitated 
with acetone. 15 The starch was estimated 
as glucose, after hydrolysis with 1-N sulphuric 
acid, by the method of Willstätter & 
SchUdel.29 The results are given in Table IV. 
DISCUSSION 
The first sample of the barley grain was 
collected on 30th July, 1953, it being esti-
mated that harvesting would begin three 
weeks later (see Table I for dates of collection 
of the samples). The corns of this sample 
had an immature appearance, the husk being 
slightly green in colour and the endosperm 
very soft, although the moisture content of 
the whole grain (Table V) was not high. The 
second sample, taken one week after the 
first, was seemingly more mature in appear-
ance in that the husk had lost its greenish 
tinge and the endosperm was firmer. The 
third sample appeared to be fully mature 
and had a much reduced moisture content 
(Table V), and it seemed likely that the 
original estimate of the date of harv esting 
would prove correct; however, a period of 
wet weather set in and the harvest was 
finally delayed for one week. 
Inspection of the results, in Table IV shows 
that no significant variations in the amount 
of starch occurred during the period studied. 
Further, with the exception of that of the 
first sample, the value for the 1,000-corn 
weight of the samples (Table V) remained 
reasonably constant during this time and 
certainly showed no progressive increase. 
These facts indicate that the major synthesis 
of tissue and reserve carbohydrate in the 
grain had already occurred by the time the 
first sample was taken and well before the 
grain had reached final maturity; this accords 
with the findings of Brown & Escombe, 9 who 
showed that the starch-bearing cells of the 
endosperm are no longer capable of initiating 
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TABLE III 
CHANGES IN THE OLIGOSACCHARIDES OF BARLEY SOLUBLE IN WATER AT 400  C. 
- (Results expressed as % of dry weight of grain at time of sampling) 












malting 4 3 2 
Glucosan 	.. 	.. 154 151 136 1-25 1-63 149 1-52 
Fructosan .. .. 006 007 007 005 010 007 006 
Araban 	.. 	.. 0•13 013 0.10 012 0'13 012 012 
Xylan .. .. .. 013 014 010 012 013 012 012 
TABLE IV 
STARCH CONTENTS OF BARLEY SAMPLES 
Time of sampling 
Weeks before harvesting 
At Before After Before 
4 3 2 harvesting drying drying malting 
% dry weight of grain 593 587 595 601 596 603 593 
g. per 1,000 dry corns 250 (?) 240 243 235 234 236 232 
TABLE V 
GENERAL ANALYSES OF BARLEY SAMPLES 
Time of sampling 








malting 4 3 2 
Moisture (%).. 	.. 238 188 142 184 175 110 1223 
Nitrogen 	(% dry 
weight) .. 	.. 1-34 137 135 1-35 - - 140 
Total 	alcohol-soluble 
sugar (% dry weight; 
calc. from Tables I 
and II) 	.. 	.. 226 225 218 212 229 245 171 
Total alcohol extract 
(% dry weight) 	.. 407 456 499 4.70 368 365 438 
Total 	water-soluble 
sugar 	(Cale. 	from 
Table III; % dry 
weight) 	. . 	.. 186 185 163 1-54 199 1-80 182 
Total 	water 	extract 
(% dry weight) 	.. 415 333 4•05 3.77 4.55 4.44 430 
1,000 corn weight (g.; 
based on dry grain) 42•2 (?) 407 410 391 392 392 391 
Total 	hexosan 	per 
1,000 corns (g.) .. 265 255 258 248 249 252 245 
any vital changes when they approach alcohol-soluble sugars, located in the 
maturity, embryo.21 Thus, increases in the concen- 
The lack of change in the main endo- trations of sucrose, raflinose, and glucodi-
spermic reserves of the grain was not fructose were observed in the harvested 
reflected in the behaviour of the principal sample and in samples collected subsequently 
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(Table I). These increases were observed 
to occur simultaneously with decreases in 
the concentration of the alcohol-soluble 
glucosan, fructosan, and galactan (Table II). 
In this connection it is of interest that 
various authors, including Archbold 5 and 
MacLeod,22 have shown that barley contains 
active invertase both before and after 
harvesting, and that this enzyme is capable 
of degrading the more complex alcohol-
soluble fructosans present in the barley. The 
formation of sucrose, raffinose, and glucodi-
fructose from the oligosaccharides may 
possibly proceed by degradation of the latter 
to monosaccharides followed by recombina-
tion under the influence of invertase and other 
enzymes. The combination of glucose or 
fructose with sucrose to yield more complex 
sugars in the presence of the former 
enzyme is now a well-established re7 
action.1 ,6 ,7 ,8 ,1O ,U ,13 ,14 ,27 ,28 
The results in Table I show, however, that 
although the total rise in sucrose, raffinose 
and glucodifructose involves the incorpora-
tion of 0.34% by weight of the barley grain 
of anhydrofructose units, the fall in fructosan 
is only sufficient to yield 0.19% of anhydro-
fructose. The recombination of glucose and 
fructose to yield sucrose, glucodifructose, 
and, indirectly, raffinose cannot therefore 
result solely from the breakdown of the 
fructosans. Consequently, it would appear 
necessary here to invoke the formation of 
fructose from some other sugar to explain 
the experimental results. It seems probable 
that an enzyme system similar to or identical 
with that which ultimately gives rise to the 
large increase in sucrose content observed dur-
ing malting and kilning is responsible. Such an 
enzyme system is presumably present in only 
small amount in ungerminated barley or is 
limited in its activity by other factors, e.g., 
available phosphate, adenosine triphosphate 
or uridine diphosphate glucose (which has 
been shown recently to participate in the 
formation of sucrose in wheat germ).' 9 
The sugars formed during the period of 
ripening and drying are consumed during 
the storage of the barley before malting 
(Table I), the decrease in the amounts of 
sucrose, raffinose and glucodifructose being 
particularly marked. If a mean figure for 
the rate of respiration of barley be taken as 
0.0001% of the dry weight per day, this 
would give a total loss by respiration of the 
barley between the times of harvesting and  
malting of Ca. 0.01%. The losses of the 
above sugars are very much larger than this, 
being 0.20% of raffinose, 0.17% of glucodi-
fructose, and 0.52% of sucrose, and are not 
commensurate with the increases in the 
amounts of the alcohol-soluble oligo-
saccharides. An overall loss of sucrose, 
raffinose and glucodifructose during the 
storage period therefore seems to occur but 
their fate is at present unknown, although it 
seems likely that they are transformed into 
respiratory intermediates. 
The fall in the amount of the alcohol-
soluble galactan (Table II) from 0.05% to 
zero is sufficient to account largely for the 
galactose theoretically required for the 
increase in the concentration of raffinose, 
although it was not possible in the present 
investigation to identify positively any of 
the oligosaccharides containing galactose. 
The presence of such oligosaccharides has 
been noted in various plants other than 
barley, particularly in the seeds and tubers. 
Thus stachyose, a tetrasaccharide containing 
two molecules of galactose, and one molecule 
each of glucose and fructose, has been detected 
widely and its constitution determined.12 ,18 
The pentasaccharide, verbascose, 17 ' and 
the hexasaccharide, ajugose,' ,25 containing 
respectively three and four residues of galactose 
and one each of glucose and fructose have 
been detected in the seeds and seedlings of 
Pinus thunbergii.17 No free galactose was 
detected in any of the samples of barley 
before or after harvest. This recalls the 
previous findings by MacLeod et at.23 and 
by Harris & MacWilliam15 that galactose does 
not appear uncombined in either barley or 
green malt even though raffinose is rapidly 
metabolized during the germination period. 
Hattori & Shiroya17 were similarly unable to 
detect free galactose in pine seeds during 
germination. Obviously, enzymes are present 
which degrade the oligosaccharides which 
contain galactose but the mechanism of the 
incorporation of this monosaccharide into 
raffinose is obscure at present. As MacLeod 211  
has pointed out, more information on this 
subject would be gained by following the 
synthesis of oligosaccharides in the whole 
developing barley plant, as the present study 
has shown that raffinose synthesis is sub-
stantially complete at least four weeks before 
the grain is harvested. 
Turning now to the changes in the water-
soluble oligosaccharides of the barley (Table 
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III) it will be seen that these are slight, 
although somewhat greater variations occur 
in the total water extract, as in the total 
alcoholic extract. Little overall change in 
any of the oligosaccharides was observed in 
passing from barley four weeks before 
harvesting to the barley after kilning, 
although small decreases in the concentra-
tions of glucosan, xylan, and araban were 
observed up to the time of harvesting. To 
what extent this fall is associated with the 
process of maturation of the grain, and how 
far with local environmental conditions, can-
not be judged from the results of a single 
study of this kind. The present investigation 
shows, however, that well-defined changes 
in the carbohydrates of the grain do occur 
during the final stages of ripening and during 
storage and harvesting. These changes 
reflect the enzymic. activity of the seed, 
which is continued and enhanced in malting. 
The behaviour of this particular barley during 
malting is now being studied along the lines 
previously laid down,'-' 23 so that a complete 
general history of the chemical transforma-
tions of the carbohydrates during the periods 
-of prime interest to the maltster and brewer 
may be obtained. 
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Samples of Proctor and Spratt-Archer barleys of the 0953 harvest grown under 
comparable conditions were selected by the Institute of Brewing for use in trials 
designed to evaluate the malting and brewing quality of the new variety. Ot is 
understood that the barleys were malted under substantially identical conditions in 
a commercial floor-malting system. Chilled and filtered pale ales (O.G. 0038), 
produced from the Proctor and Spratt-Archer malts in small-scale brewings, were 
stored in bottle at 58° F. (14.4° C.); carefully organized tasting trials were carried 
out, but little difference was found in their flavour characteristics. After five weeks 
of storage, both series of beers were still free from haze. Detailed analyses of barley, 
malt and wort for each variety carried out by standard methods and by chromato-
graphic techniques have been compared. Ot appears that this particular sample of 
Proctor barley modified more readily than did the Spratt-Archer barley sample 
under the malting conditions employed. 
INTRODUCTION 
PROCTOR, a two-rowed spring barley, from a 
cross between Kenia and Plumage-Archer, 
was produced by the Plant Breeding Insti-
tute, Cambridge, and has in recent years 
undergone extensive field trials organized at 
different centres throughout the country by 
the National Institute of Agricultural Botany 
(N.I.A.B.). This new variety has been 
introduced to meet the demand for a malting 
barley which will give higher yields than the 
currently-used Archer hybrids. The de-
velopment of a new barley to meet this 
demand is a problem of some urgency, since 
farmers find it easier and more rewarding to 
grow high-yielding Scandinavian varieties as 
feed barleys rather than Archer types for 
malting. 
In field trials, Proctor has so far given 
favourable results in respect of certain 
cultural characteristics. Compared with the 
parent barleys, the hybrid has given consist-
ently heavier yields; its straw length is 
generally recorded as even slightly shorter 
than the short-strawed Kenia variety 13 and 
it has been found more resistant to loose 
smut and to attack by mildew. Because of 
these desirable features it is important,  
therefore, to assess the malting and brewing 
properties of the new barley. 
EXPERIMENTAL 
Barley and Malt Samples 
Proctor seed was issued from the N.I.A.B. 
in 1952. From the first commercial growths 
in 1953, the Institute of Brewing selected 
Proctor barley grown at Sprowston, Norfolk, 
for large-scale malting and brewing trials, 
and a matched Spratt-Archer barley was 
taken as a control. Samples (50 lb.) of 
barley and malt of each variety were ob-
tained for examination at the Brewing Indus-
try Research Foundation; the barley had 
been dried and screened and the malt was 
sampled from pieces (Proctor 15 Qr.; Spratt-
Archer 50 Qr.) run in a conventional floor-
malting system in which the Proctor and 
Spratt-Archer samples were given substan-
tially identical treatment. 
Barley and Malt Analyses 
Analyses of the barley and malt of each 
variety, carried out by the Standard Methods 
of the Institute of Brewing, 15 are detailed in 
Tables I and II. In the determination of 
barley germinative energy, the method 
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described by Essery, Kirsop & PoIlock 4 was 
used. 
The difference in moisture contents of the 
two barleys has not apparently influenced 
their germinative properties, although a 
better comparison would have been obtained 
if both barleys had been dried to the same 
extent. The thousand-corn weight of Proc-
tor, which is sometimes regarded as low in 
relation to other brewing barleys, compares 
well with the control in this trial. In 
calculating predicted extract, varietal factors 
of 110 and 1114 were used for Spratt-Archer 
and Proctor barley respectively. 
A comparison of the malt analyses would 
seem to show that the Proctor malt is some-
what the more modified, and this impression 
is borne out by subsequent observations on 
the brewing quality of the sample. It is of 
interest that the predicted extract figures, 
calculated from barley analyses, are in close 
agreement with the malt hot-water extracts. 
Brewing Trials 
A series of three brewing trials was carried 
out with the Proctor and Spratt-Archer 
malts. In a single trial, worts from mashes 
of each variety were run in parallel through 
twin experimental breweries. 
Milling.—The malts were crushed in a 
Boby laboratory mill with rollers set 07 mm. 
apart and a driving shaft speed of Ca. 90 
r.p.m. Grist analysis (Table III) showed 
that the Proctor malt gave more flour and 
less husk than the Spratt-Archer malt for the 
same mill setting. This difference may have 
been due either to a higher degree of modifica-
tion of the Proctor malt or to a varietal 
characteristic. 
Mashing.----Malt ( 15 lb.) was mashed with 
liquor (37 gal., i.e., 225 bri. per Qr.) at 
158° F. (70° C.) so that an initial mash 
temperature of 150° F. (65.5° C.) was ob-
tained. The mash was held at this tempera-
ture for 175 hr. and run down in 35 hr. to 
yield wort at a gravity of approximately 
1040 (water = 1000); the extracts obtained 
in the trials are shown in Table IV. The 
grains were sparged during 3 hr. of the run-
ning time with liquor (9 gal.) at 165° F. 
(73.9° C.). Distilled water containing cal-
cium sulphate (28.5 parts gypsum per 
100,000) was used as liquor throughout the 
brewing process. 
Sparging at the low rate of Ca. 3 gal. per hr.  
was achieved by atomizing the liquor with 
air at a pressure of 10 lb. per sq. in., so that it 
reached the mash surface as a fine mist. A 
sparging temperature of 165° F. (73'9° C.) 
after atomization was obtained by bringing 
liquor to the sparging head at 240° F. 
(115.5° C.). 
TABLE I 





Moisture (%) 	. . 	 . . 98 135 
Germination (%, 72 hr.) 	.. 98, 98, 100 98, 99, 100 
Nitrogen (%, dry wt.) . . 1-32 135 
1,000-corn wt. (g.; dry) 	. . 351 359 
Predicted extract (lb. per 
Qr.; dry).. 	.. 	 .. 1046 1031 
TABLE II 
ANALYSES OF PROCTOR AND SPRATT-ARCHER 
MALTS 
Spratt- 










* Calculated on dry weight of malt. 
Although sparging control could be satis-
factorily maintained for one mash, technical 
difficulties arose when parallel mashes were 
undertaken, and the sparging temperature 
became irregular. In the present series this 
resulted in average mash temperatures over 
the sparging period of 163° F., 157° F. and 
150° F. respectively for each pair of brewings 
(see Fig. 1). Since it is generally assumed 14 
that amylase activity is essentially complete 
within the first hour of mashing, it was noted 
with interest that the wort analyses showed 
regular significant differences in carbohydrate 
composition which must be related to the 
mash temperature during sparging. This is 
discussed in more detail later. 
Further change in the carbohydrate com-





Index of modification (%) 
C.W. extract (%)* 
H.W.E. (lb. per Qr.)* 
Diastatic power (° L.) 
Colour (E.B.C. scale) 
1,000-corn wt. (g. )* 
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TABLE III 
GRIST ANALYSIS OF PROCTOR AND SPRATT-ARCHER MALTS 
Proctor Spratt-Archer 
Fraction retained by 10 mesh: Husk 	.. 86 132 
20 	,, 	Coarse grits 28'4 279 
90 	,, Fine grits 450 44•7 
Fraction passing all meshes: Flour 	.. 180 142 
TABLE IV 
ANALYSIS OF BREWERY EXTRACTION OF PROCTOR AND SPRATT-ARCHER MALTS 
Trial 	.. 	 .. 	 .. 
Proctor 
A 	B C 
Spratt-Archer 
A 	B C 
Brewery extract: lb. per Qr. (wet) 	.. 	 . 959 	970 97•0 959 	959 97•0 
Residual extract in spent grain: lb. per Qr. (wet) 13 15 13 1•6 
Unconverted starch in spent grain: lb. per Qr. 
(wet) 	,.. 	 .. 	 .. 	 .. 	 .. 	 .. 1•0 04 16 07 
Potential extract (by summation): lb. per Qr. 
(wet) 	.. 	 . . 	 . . 	 . . 	 . . 	 . 993 989 98•8 99•3 
Mean 	.. 	 .. 	 . . 	 . . 	 .. 991 991 



























Fig. 1. Mash thermographs for trials A, B and C. 
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was avoided by the inactivation of residual 
c-amylase by heat. The wort temperature in 
the copper was maintained between 200-
212° F. during charging. Moreover, the 
coppers were first charged with boiling liquor 
(1 gal.) to avoid undue caramelization of the 
first worts run from the mash-tun. 
Throughout the running period, the pH 
of the wort was checked at intervals of 15 
mm. There was no important difference 
between the two malts in respect of pH for 
the mixed final worts collected in 35 hr.; 
the gravities and pH values recorded in the 
second and third trials are detailed in Table V.  
was determined by an enzymatic method as 
follows :—A sample'of spent grains (Ca. 55 g.) 
was mashed with distilled water (300 ml.) 
at 150° F. (65.5° C.). Freshly-prepared dia-
static malt extract (10 ml.; prepared by 
mashing 30 g. ground malt with 100 ml. cold 
water and filtering) was added. The tem-
perature of the mixture was then raised to 
212° F. in a water bath and held at this 
temperature for 10 mm. before cooling to 
150° F. (65.5° C.), when a further addition of 
malt extract (20 ml.) was made. The mash 
temperature was maintained at 150° F. 
(65.5° C.) for 1 hr., and the mash was then 
TABLE V 
COMPARISON OF pH OF WORTS FROM MASH TON 
Proctor Spratt-Archer 
Trial B Trial C Trial B Trial C 
Sampler pH Gravity* pH Gravity pH Gravity pH Gravity 
1 524 80 5•34 80 525 79 536 82 
2 524 80 5.34 80 5•43 80 536 81 
3 539 80 5•33 80 5•29 80 539 80 
4 5-40 78 534 79 548 80 538 80 
5 538 78 534 79 5•55 80 536 80 
6 540 79 5.34 79 5.47 79 539 80 
7 5-38 78 536 77 5•26 79 538 77 
8 536 75 538 70 528 78 5•47 63 
9 5.39 73 5.44 45 5.34 74 555 38 
10 5•40 69 562 18 549 63 565 20 
11 5•59 28 563 7 5.54 25 571 7 
12 5•76 12 5•60 4 569 5 5.61 4 
13 575 3 5•53 2 564 2 5.57 2 
14 5.33 531 536 531 
* Excess over 1,000 (water = 1,000). 
t Samples I to 13 were taken at 15 mm. intervals from the start of wort running. Sample 14 was taken 
from the charged copper after 5 mm. boil. 
Extracts obtained in mashing.—Table IV 
compares the laboratory and brewery ex-
tracts for the malts under examination. The 
residual extract in the spent grains was 
determined as follows:—Spent grains equi-
valent to 50 g. of malt were extracted with 
distilled water (360 ml.) for 1 hr. at 150° F. 
(65.5° C.). The mash was made up to 
515 ml. and filtered, and the extract was 
calculated from the specific gravity of the 
filtrate. Whereas for efficient sparging on 
the commercial scale a residual extract in 
spent grains of Ca. 05 lb. per Qr. is considered 
satisfactory, the values obtained were rather 
high but appeared to be fairly constant for 
the four mashes examined. 
The unconverted starch in the spent grains 
cooled, made up to 515 ml. at 60° F. 
(15.5° C.), and filtered. The specific gravity 
of the filtrate was corrected for the added 
malt extract (30 ml.), and the extract from 
unconverted starch was calculated. 
The lower values for unconverted starch 
in trial C, together with the lower dextrin 
values of the corresponding worts (Table X) 
reflect the greater amylolytic breakdown 
obtained in this particular trial. It is satis-
factory to  that the unconverted 
starch in this sample of Proctor malt was 
lower than that in the Spratt-Archer, since 
the data shown in Table II indicate a higher 
degree of modification for this Proctor malt. 
Wort analyses.—The results of chromato-
graphic analyses of the worts are discussed 
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in detail later, but Table VI provides some 
additional information on wort quality. The 
values for wort nitrogen (total and P.S.N.) 
show an increase from trial A to trial C, a 
finding which almost certainly reflects again 
the influence of final mash temperature, and 
indicates that there is still some proteolytic 
activity during the sparging period (cf. 
Kolbach & Simons). 
There is no difference between the two lots 
of malt in respect of reducing sugar content 
as determined by the method of Lane & 
Eynon. 9 The sucrose contents calculated 
from the difference between reducing sugar 
present before and after acid hydrolysis 1 are 
higher than those determined by chromato-
graphic analysis. This may well be due to the  
cerevisiae (75 g.; i.e., 1 lb. per brl.; strain 234, 
National Collection of Yeast Cultures). 
The wort temperature at pitching was 
600 F. (15.5° C.) and the room temperature 
was 65° F. (18.3° C.); a normal temperature 
pattern was obtained for each fermentation. 
The attenuation varied between trials owing 
to the influence of sparging temperature on 
fermentability, but, in general, a gravity of 
1010-1012 was reached in 64-72 hr. After 
keeping for 36-48 hr. at 500  F. (10° C.), the 
beer was passed through coarse-grade filter 
sheets and re-pitched at the rate of 025 lb. 
per brl, with fresh primary yeast. 
The beer was kept in stainless steel casks 
at 55° F. (12.7° C.) for 10-14 days. After 
this conditioning period two series of the trial 
TABLE VI 
GENERAL ANALYSIS OF WORTS PRODUCED FROM PROCTOR AND SPRATT-ARCHER MALTS 
Analysis 
Proctor Spratt-Archer 
A B C A B C 
Total nitrogen* (mg. per 100 ml.) 662 738 732 662 704 707 
P.S.N. (mg. per 100 ml.) .. 	 .. 644 722 726 653 694 696 
Reducing sugar 	.. 	 .. 	 . . - 460 466 - 466 466 
Total reducing sugars .. 	 .. - 530 538 - 513 519 
Sucrose (% wort solids) 	. . 	 .. - 70 7•2 - 4.7 5.3 
Wort gravity 1040. 	t As anhydrous maltose (R.S.; g. per 100 ml. wort at 1025 gravity). 
As anhydrous maltose (T.R.S.; g. per 100 ml. wort at 1025 gravity). § 10 (T.R.S.—R.S.); see ref.' 
simultaneous hydrolysis of acid-labile oligo-
saccharides other than sucrose under the 
conditions of total reducing sugar determina-
tion. In this connection, it has been ob-
served by paper chromatography that the 
Proctor malt contains a greater number of 
simple gluco-fructosans than are present in 
the Spratt-Archer. 
Boiling, cooling and fermentation of wort.—
In each trial, the wort (Ca. 10 gal. at 1040) 
was boiled for 175 hr. to obtain an evapora-
tion of 12% per hr. Hops (125 g.; i.e., 1 lb. 
per bri.) were added at the beginning of the 
boil. The boiled, hopped wort was passed 
to the hop-back and, after settling for 20 mm., 
was circulated through the hop-bed until 
bright. After filtration, the bright wort was 
passed into a receiver where the gravity was 
reduced to 1040 by adding brewing liquor. 
The wort was cooled through a heat ex-
changer and collected for fermentation in a 
simple skimming system. Six gal. was 
pitched with a pure culture of Saccharomyces  
beers were stored in the cold for one week, 
and the beers were filtered and bottled under 
carbon dioxide on a counter-pressure filler. 
The beers from the third trial were fined and 
kept as draught beer. 
Beer tasting.—In the first two trials the 
bottled beers were presented in pairs to a 
tasting panel at intervals over 3-4 weeks from 
bottling. In comparing the Spratt-Archer 
and Proctor beers, a questionnaire on flavour 
preference was completed. The results of 
testing the bottled beers showed no pro-
nounced difference between beers brewed 
with the two malt varieties. 
In the third trial, in which the two beers 
were tasted on draught, approximately 60% 
of the panel preferred the Proctor beer. In 
giving reasons for their preference, members 
of the panel generally ascribed a fuller-
drinking, better all-round flavour to this beer. 
The different results with draught and bottled 
beer are probably due to the influence of 
filtration and carbonation. 
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Haze in bottled beer.—Subjective examina-
tion of the bottled beer from trial B was 
carried out at weekly intervals from bottling. 
Both beers were still brilliant at five weeks, 
but the Spratt-Archer beer showed a slight 
opalescence early in the sixth week while the 
Proctor beer remained bright. At the end 
of six weeks the Proctor beer also began to 
show evidence of the development of non-
biological haze as a very faint cast when 
examined by reflected light.  
of total sugar in them are clearly revealed in 
Table VIII. 
The 'results in both Table VII and Table 
VIII show slight differences between the 
sugar contents of the barley samples and wide 
variations are exhibited by the malts. This 
is especially noticeable in the starch and 
water-soluble polysaccharides of the Proctor 
malt (Table VII). Here, the lower amounts 
of starch and water-soluble material are 
counterbalanced by the greater quantities of 
TABLE VII 
CHROMATOGRAPHIC ANALYSES AND STARCH DETERMINATIONS ON BARLEYS AND MALTS 
(Results expressed as percentage of dry weight of grain) 
Variety 	.. 	 .. 	 .. Proctor Spratt-Archer 
Ethanol-soluble free sugars Barley Malt Barley Malt 
Fructose .. 	 .. 	 .. 	 .. 	 .. 	 .. 007 051 0.10 026 
Glucose 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 008 130 004 1•31 
Sucrose 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 066 324 085 2•73 
Maltose 	.. 	 .. 	 .. 	 .. 	 .. 	 .. Trace 070 Trace 039 
Maltotriose .. 	 .. 	 .. 	 .. 	 .. - 047 - 031 
Glucodifructose .. 	 .. 	 .. 	 .. 	 .. 016 - 0•14 - 
Raffinose.. 	.. 	 .. 	 .. 	 .. 	 .. 017 - 021 - 
Pentoses.. .. 	 .. 	 .. 	 .. 	 .. - 005 - 005 
Ethanol-soluble oligosaccharides 
Fructosan 	.. 	 .. 	 .. 	 .. 	 .. 024 031 023 047 
Glucosan .. 	 .. 	 .. 	 .. 	 .. 029 2•93 047 149 
Galactan 	.. 	 .. 	 .. 	 .. 	 .. Trace - - - 
Xylan 	.. 	 .. 	 .. 	 .. 	 .. 	 .. Trace 026 Trace 014 
Araban 	.. 	 .. 	 .. 	 .. 	 .. 	 .. Trace 031 Trace 013 
Water-soluble oligosaccharides 
Fructosan 	.. 	 .. 	 .. 	 .. 	 .. 009 004 004 010 
Glucosan .. 	 .. 	 .. 	 .. 	 .. 160 163 089 239 
Xylan 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 043 0.11 010 040 
Araban 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 045 010 0.10 027 
Starch 	.. 	 . . 	 .. 	 .. 	 . . 	 .. 602 527 591 53.5 
Chromatographic Analysis of Barleys, 
Malts and Worts 
The barleys and malts were analysed by 
the methods already described in detail in a 
previous publication. 5 Three groups of carbo-
hydrates were determined as follows: 
those soluble in 80% ethanol; 
those soluble in water at 40° C., after 
pre-extraction as in (a); and 
starch. 
The results of these analyses are given in 
Table VII and the total of the alcoholic and 
aqueous extracts together with the quantities 
carbohydrate present in the alcohol fraction. 
These facts signify that the starch of this 
particular Proctor barley has been degraded 
to a greater extent during malting than that 
of the Spratt-Archer barley and lend support 
to the view (Table II) that this Proctor malt 
J over-modified in comparison with the 
Spratt-Archer malt. This is further borne 
out by the fact that the simple pentosans 
(araban and xylan), found in the alcohol 
fraction, are present in greater quantity in 
the Proctor malt. The more extensive 
breakdown of starch in the Proctor malt is 
reflected in the over-all malting loss incurred 
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in its production. This loss, calculated from 
the 1,000-corn weights of the barleys and 
malts (Tables I and II), is 7.2% of the initial 
dry weight of the barley for the Proctor 
malt and 6.1% for the Spratt-Archer sample. 
The total losses of all the sugars listed in 
Table VII, when calculated as mono-
saccharide, are for the Proctor sample 7.2% 
and for the Spratt-Archer sample 5-1% of the 
initial total weight of carbohydrate (calc. as 
monosaccharide) in the barley or 5.1% and 
3.5% respectively of the initial dry weight 
of the barley. These overall losses are com-
pounded of those due to steeping, respiration 
and removal of the rootlets; as the steeping 
losses are small, the difference in the sugar-
depletion of the two barleys must arise from 
the operation of the other two factors. 
The presence of larger amounts of free 
sugars and oligosaccharides in the Proctor 
malt is an amplified expression of the analyses 
reported in Table II, where it may be seen 
that the cold water extract of the Proctor 
malt exceeds that of the Spratt-Archer. 
Hot water extracts 15 (see Table II) were 
also analysed chromatographically (see Table 
IX). In the preparation of these extracts 
the Standard Method was modified in that 
mercuric chloride was added to the mash at 
the end of the 1 hr. mashing period in order 
to arrest amylolytic activity. The higher 
sucrose value found for the Proctor malt 
(Table VII) is reflected in the higher sucrose 
content of the 10% extract and also, as shown 
below, in the brewery wort. 
Turning now to a consideration of the 
chromatographic analyses of the brewery 
worts from both malts, a number of interest-
ing points emerge (Table X). The method of 
analysis used in this case was a modification 
of that of MacFarlane, Held, Jegard & 
Blinoff'0 ' 1' using the anthrone reagent of 
Dreywood3 and of Morris. 12 Firstly, the 
total amounts of sugars in each pair of mashes 
(A, B and C) are greater in the Proctor than in 
the Spratt-Archer wort. Secondly, each of the 
individual fermentable carbohydrates, shown 
above the broken line, is higher in the Proctor 
wort. All the mashes were held in this 
experiment at 150° F. for 1.75 hr., but 
sparging control varied as already mentioned 
from trial to trial, the sparging temperatures 
being high, normal and low in trials A, B and 
C respectively. This difference in treatment 
is reflected in each case in the values for fer-
mentable carbohydrates which increase with  
a decrease in the sparging temperature while 
the figures for the more complex dextrins 
correspondingly show a regular decrease. 
This accords well with the results in Table IV, 
which show that the amount of unconverted 
starch in the spent grains is lower when the 
sparging temperature is reduced. This ob 
servation, of interest and possibly of some 
practical importance in connection with the 
improvement of extract yields, is being 
studied further. 
Using the data given here (Tables VII and 
X), an attempt has been made to correlate 
the total starch, water-soluble and ethanol-
soluble sugars in malt with the total amount 
of carbohydrate actually present in the 
derived wort. The degree of utilization of 
the carbohydrates of malt in their conversion 
to wort sugars has been calculated (Table XI) 
by computing all carbohydrate fractions in 
terms of monosaccharide, and expressing 
total wort sugars as a percentage of the total 
sugars of malt. To facilitate the comparison 
of malt and wort analyses, all sugars have been 
expressed as percentages (w/w) of the total 
solids in a hypothetical wort of 1040 gravity, 
using the solution divisor 393 for wort solids. 
The yield of 1040 wort (ml. per g. dry malt) 
was calculated from actual brewery extract 
and this value was employed in computing 
the potential extract from the determined 
values for the malt sugars (Table VII). 
The degree of utilization of the malt carbo-
hydrates assessed in this way is 100% in the 
Spratt-Archer brewing and 102.5% in the 
Proctor brewing. Although these results 
must be interpreted with caution because the 
starch determinations are as yet liable to 
errors of up to 2%, it would appear that the 
efficiency of conversion is greater for this 
particular Proctor malt. That the yield of 
wort sugars is 1000/.  or more may well be 
significant, especially when the starch in the 
spent grains is taken into account. It is 
possible that carbohydrates other than those 
at present estimated in the malt contribute 
to the extract, e.g., cellulose breakdown pro-
ducts and hemicelluloses may well be de-
graded to soluble products during mashing. 
In this connection it is of interest to note that 
malt has been shown to contain cellulases 
and, more recently, enzymes capable of 
breaking 13-glucosidic linkages. With in-
creasing refinement both of the chromato-
graphic technique and of the method of 
estimating starch, it will almost certainly be 
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TABLE VIII 
TOTAL ALCOHOL (80%) AND WATER EXTRACTS OF PROCTOR AND SPRATT-ARCHER BARLEY AND MALT 
(Results expressed as percentage of dry weight of grain) 
Proctor Spratt-Archer 
Barley Malt Barley Malt 
Total carbohydrate soluble in 80% ethanol* 	.. 	 .. 164 1058 204 728 
Total material soluble in 80% ethanol 	.. 	 . . .. 482 18•2 529 11•3 
Total carbohydrate soluble in water at 40 0 C. 	. . .. 1•97 1•88 1•13 316 
Total material soluble in water at 400  C. 	.. .. 406 377 278 524 
* Calculated from figures of Table VII. 
TABLE IX 




% wort solids % wort solids 
Fructose and glucose 	.. 	 .. 	 .. 
Sucrose 	.. 	 .. 	 .. 	 . . .. 
Maltose .. 	 .. 	 .. 	 .. 	 .. 









Fermentable carbohydrates 	.. 	 . 662 621 
Maltotetranse 	.. 	 .. 	 .. 	 .. 





Non-fermentable carbohydrates 	.. 25•5 300 
Total carbohydrate content 	.. 	 .. 917 92-1 
TABLE X 




% wort solids % wort solids 
A B C A B C 
Fructose + glucose 	.. 	 .. 	 .. 	 .. 
Sucrose 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 
Maltose 	.. 	 .. 	 .. 	 .. 	 .. 	 .. 
Maltotriose .. 	 .. 	 .. 	 .. 	 .. 
Maltotetraose 	.. 	 .. 	 .. 	 .. 	 .. 





































Total carbohydrates by summation .. 	 .. 932 918 925 915 893 891 
Non-fermentable carbohydrates 	.. 	 .. 226 200 204 253 21•0 18•2 
Fermentable carbohydrates 	.. 	 . . . . 706 71•8 721 662 683 709 
Determined fermentability 	.. 	 .. 	 .. - 692 68•8 - 67•9 67•3 
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possible to construct a precise balance of the 
sugars of malt and wort and, eventually, of 
barley. The application of analyses of this 
kind to both malting and mashing will allow 
accurate measurement of the efficiency of the 
conversion of barley carbohydrates to wort 
sugars. Moreover, such techniques will in-
evitably lead to a delicate control of wort 
composition and hence the attainment of a 
regular fermentation pattern for individual 
breweries independent of variations in the 
raw materials. 
TABLE XI 
CONVERSION OF THE CARBOHYDRATES OF MALT TO WORT SUGARS, ETC. (TRIAL B) 
Corresponding amount 
in wort at 1040 Carbohydrates determined in wort 
gravity (caic. as at 1040 gravity (caic. as mono- 
Carbohydrates in malt monosaccharide and saccharide and expressed as % 
(% dry weight as in Table VII) expressed as % wort wort solids). 	Cf. Table X. 
solids) 
Spratt- Spratt- Spratt- 
Proctor Archer Proctor Archer Proctor Archer 
Starch 	.. 	 .. 527 535 785 808 Dextrin 	.. 168 168 
Glucosan* 	.. 	 .. 456 388 672 581 Maltotetraose 53 63 
Maltotriose 	.. 	 .. 0'47 031 067 045 Maltotriose 	.. 16'2 152 
Maltose .. 	 .. 0'70 039 098 055 Maltose 	. . 442 439 
Sucrose 	.. 	 .. 324 273 453 387 Sucrose .. 62 44 
Glucose .. 	 .. 1'30 131 173 176 Glucose 88 82 Fructose 	.. 	 .. 051 026 068 035 Fructose 
Fructosan* 	.. 	 .. 035 0'57 052 0'85 
Pentosan (x 0.25)t.. 0'21 025 0'31 038 
Total monosaccharide 94'64 9482 97'5 948 
Percentage conversion of malt to wort carbohydrates 1025 100 
Total alcohol- and water-soluble glucosan (or fructosan) as given in Table VII. 
t Total alcohol- and water-soluble araban and xylan as given in Table VII. The factor 025 allows for 
the fact that, in the determination of wort sugars by anthrone, the pentosans give only a quarter of the 
coloration yielded by an equimolecular amount of glucosan or fnictosan. 2 ' 7 
In this trial, 7406 ml. of wort were equivalent to 1 g. of Proctor malt (dry) and 730 ml. of wort to 1 g. 
of Spratt-Archer malt (dry). 
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INTRODUCTION 
Scientific control of the regularity and efficiency of the malting and brewing processes 
demands methods of analysis for the relevant constituents of the raw materials and 
products. In particular, precise analyses of the carbohydrates, which constitute the major 
part (ca. no %) of the solutes finally found in wort, are required and a series of investiga-
tions n'as undertaken:  
to devise methods for such analyses or adapt existing ones, 
to assess by these methods the compositions of representative barleys, malts, 
worts and beers, 
by comparing the total amounts of sugars in these materials, to determine the 
efficiency with which carbohydrates of barley are converted in practice into the desired 
products in the derived worts or beers, and 
to predict malt extracts from barley analyses. 
HARRIS, BARTON-WRIGHT AND CuRTIS 1 , MAO ARLANE AND HELD 2 , ANI) GJERTSEN 3 
have already found methods of analysis based on paper chromatography to he well suited 
to the precise determination of the sugars in worts and beers and, more recently, MAC-
LEon, TRAvIS AND \\REAY 4 , HARRIS AND MAcWILLIAM 5 ' 8 AND HALL, HARRIS AND 
MAc\VILLIAM' have applied such methods to the analysis of certain barleys and malts. 
The latter workers found that the carbohydrates of the cereal grain were conveniently 
divided for analysis into three fractions after inactivation of enzymes 8 with hot aqueous 
ethanol: 
(I) that soluble in hot So% ethanol, 
(z) that soluble in water at 40°C, after preextraction as in (i), and 
() the residue from (i) and (2) (starch, other polysaccharides, and fibrous material). 
The sugars in fraction (i) up to the complexity of trisaccharides were determined 
directly by means of paper chromatography and the accompanying more complex 
oligosaccharides by hydrolysing the whole of the fraction (i) with 0.5 N sulphuric acid 
to a mixture of monosaccharides, which were themselves separated on paper chromato- 
grams and estimated. Values for combined glucose, fructose, arabinose and xylose in the 
hydrolysate were then expressed conveniently but arbitrarily as the anhydro-sugars, 
called glucosan, fructosan, araban and xylan, after allowing for the amounts of the simpler 
sugars already estimated. The value for fructosan was adjusted to accommodate the fact 
that 30% is decomposed by acid, even under the mild conditions used (Cl. WvLAro9). As 
the last fact has been ascertained only recently, HARRIS AND MACWILLIAM did not apply 
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this correction in their original investigations 1 ' 6 and the previous figures for fructosan 
should therefore be corrected. The polysaccharides in fraction (2) were determined by 
direct hydrolysis and chromatographic analysis of the resulting monosaccharides,and 
starch was estimated by extraction of the residual grains with chloral'°, precipitation 
with acetone, hydrolysis, and determination of the liberated glucose with alkaline hypo-
iodite". 
Whereas the methods described above were applied to Plumage-Archer barley 
(1951 crop) the experiments described in this communication were undertaken to confirm 
with a different barley (Carlsberg, 1953 crop) and, if possible, amplify the previous find-
ings on the changes of the carbohydrates during malting. The methods used previously 
for the analysis of fractions (i), (2) and () were adhered to but a more extensive in-
vestigation of methods of analysis of fraction (3)  has now revealed that the results ob-
tained by the above method for the determination of starch are low due to decomposition 
during acid hydrolysis of the material precipitated by acetone. Since the values obtained 
for certain barley and malt starches by several other methods developed more recently 
(vide infra) are in agreement it is felt that they are very close to the true values and it 
has been possible to apply a correction to the results obtained by the original method to 
allow for the decomposition by acid. The extent of decomposition has been found to vary 
somewhat but in the present series averaged Ca. 8% and this correction has been applied 
to the results obtained by acid hydrolysis. 
EXPERIMENTAL 
Determination of starch in barley and malt 
(i) Methods 
Until recently, most analyses of barley and malt for starch 12 ' 13 have involved preliminary ex-
traction of the grains with hot aqueous ethanol, followed by estimation of starch in the residue by 
mashing it with malt extract and determining the reducing value of the solution with Fehling's 
reagent. Alternatively, in EWER'S method' the grain remaining from alcohol extraction has been 
hydrolysed with dilute acid and the glucose produced measured polarimetrically. These methods, 
however, suffer from certain disadvantages. Firstly, the value obtained for starch includes that for 
material now estimated as water-soluble polysaccharide (fraction 2), for example the barley gums. 
Secondly, in the enzymic methods the exact method of action of the various enzymes in the malt ex-
tract is unknown. Moreover, it has recently been shown 15 ' 16 that barley starch differs considerably in 
chemical structure from malt starch and it may be inferred that the end-point of the reaction between 
the starch and the amylases in the malt extract may vary from barley to malt and from one malt to 
another. Thirdly, in the method involving hydrolysis of the grain with acid it is uncertain which poly-
saccharides other than starch of the barley or malt are hydrolysed since sugars other than glucose, for 
example pentoses, are undoubtedly present in the hydrolysate. We have for these reasons sought 
methods of analysis which are based on chemical extraction and isolation of the starch and which are 
applicable equally to barley and malt. 
In the chemical extractions, the starch in the sample is gelatinised as far as possible by heating 
with water and its dispersion and complete solution is achieved with a reagent such as chloral (3%) as 
recommended by BOURNE, STACEY AND \VILKINSON' °, or sodium hydroxide (2%). The extraction is 
repeated once or twice until the residue no longer gives the blue colour characteristic of starch and the 
starch in the extract is precipitated. Precipitation of all the polysaccharide from the acid solution may 
be effected with acetone but the precipitation of starch is brought about selectively with iodine in 
concentrated salt solution. The chloral extract, however, yields its whole polysaccharide content on 
precipitation with iodine or acetone and it is concluded that chloral extracts only starch (vide infra). 
The precipitated starch is redisperseci in o. i N alkali, after cleiodination by trituration with alkaline 
ethanol when necessary, and is estimated as glucose. In earlier experiments, the glucose produced on 
hydrolysis of the starch was estimated with alkaline hypoiodite, but decomposition of glucose during 
hydrolysis necessitated a correction for the apparent loss of starch (vide supra). In later work it has 
been found preferable to estimate the starch directly with anthrone-sulphuric acid according to the 
method of MORRIS 17 and DREyw000' 8 as modified recently by HALL". The advantages of this latter 
method are that it is less time-consuming than the former and that it gives a result by colorimetry 
directly as glucose without any correction for decomposition. 
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Following methods recommended for vegetable starch by MCCREADY, GUGGOLZ, SILVIERA AND 
OweNs20 an investigation was also made of the use of perchioric acid for dispersion. These workers 
first removed the free sugars of vegetables with aqueous ethanol and estimated the starch in the resi-
due by extracting it with cold 30% perchioric acid, as proposed by NIELSEN 21, and causing the extract 
to react with anthrone-sulphuric acid. The values which we have obtained for starch by application of 
this method to barley and malt are 2-40/.  (based on dry weight of grain) in excess of those given by the 
methods described above. However, precipitation of the starch in the perchloric acid extract with 
iodine according to the method of PUCHER, LEAVENWORTH AND V1CKENY 12 led to values in closer 
agreement with those obtained by the other methods. The carbohydrate remaining in the perchioric 
acid extract after treatment with iodine consists of a polysaccharide or mixture of polysaccharides 
which yields glucose, arabinose and xylose on hydrolysis with acid and is presumably of the nature 
of hemicellulose. 
Treatment with perchioric acid of potato starch and of granular barley- and malt-starches, 
isolated from Plumage-Archer malt (1951) by the method of MACWILLIAM AND PERCIVAL 23 , resulted 
in rapid solution, and precipitation of the starch with iodine and estimation with anthrone gave 
recoveries of over 99 %. 
(ii) Application 
The application of the methods given above to two samples of Carlsberg malt 
(samples K4 and K5 as below) gave the results shown in Table I. The sodium hydroxide 
extracts of both samples K4 and K5 contained Ca. 2% more hexose than the derived 
precipitates while the perchioric acid extracts contained 2.0 and 3.9%  more than the 
respective precipitates. This excess hexose is presumably present in hemicelluloses. The 
precipitate obtained from the chloral extract with acetone consisted essentially of starch 
but contained Ca. i % of protein (based on dry weight of grain). When allowance is made 
for this protein the weight of the precipitate is in close agreement with its starch content as 
determined with anthrone. If anthrone is used for the final estimation, all these deter-
minations may be completed readily during one working day. The recovery of total 
solids from the alcohol and water extracts, the precipitate in Method 3  (a) (Table I), 
and the residue from this precipitate amounted to ioi % for sample K4 and 99.8% for 
sample K5, so that mechanical losses during the analyses are negligible. 
TABLE I 
DETERMINATION OF STARCH IN Carlsberg MALT (3953) 
(Results expressed as percentage of dry weight of grain) 
Method 0/ analysis  
Sample 
* K 4 	 K5  
Total 	 Total 
Polysaccharide 	Starch 	polysaccharide Starch 
I. Extraction with 1% sodium hydroxide. 
Estimation with anthrone 
before precipitation with iodine 59.5 	 61.o 
after precipitation with iodine. 57.7 59.0 
2. Extraction with 30% perchioric acid. 
Estimation with anthrone 
before precipitation with iodine 61. 	 63.7 
after precipitation with iodine. 59.0 59.8 
3. Extraction with 33% chloral. 
Estimation by 
weighing of precipitate obtained with 
acetone (corr. for protein) 58.5 	 60.4 
reaction of precipitate with anthrone. 58.1 6o.t 
MEAN 58.3 59.6 
* See Figs. 1-3. 
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It is thus possible now to use the chemical methods illustrated in Table I to obtain 
tolerably accurate values for the starch contents of barleys and malts and hence to deter-
mine the whole of the extract-yielding carbohydrates in the grains. Comparison of the 
results obtained by these methods with those obtained by the method involving acid 
hydrolysis of the material extracted by chloral revealed that 6-io % of starch in samples 
K4 and K5 and other samples of Carlsberg malt was destroyed during the hydrolysis. 
Similar results were obtained with the pure starches. An average correction of 8% has 
therefore been applied necessarily to the results of the estimation of glucose in the latter 
method in order to arrive at a true figure for starch, although the results are subject to 
errors arising from the variability of the decomposition. This correction has been used 
to obtain the values for starch given in the following section and should be applied to the 
previous results5' 6,7,  but for future estimations of starch in barley and malt the method 
using perchioric acid-and anthrone would seem to hold most promise for improving the 
precision. 
Variation of carbohydrates 01 Carlsberg barley during mailing 
The barley used in this investigation was one which had previously been studied for 
the changes undergone during ripening and storage 6. The results of the analyses are 
summarised in Table II and in Fig. 1-3. The figures for alcohol-soluble glucosan and fruc-
tosan (fraction (i)) and for the corresponding water-soluble compounds (fraction (2)) 
have been combined and all results in Table II and Fig. 1-2 are expressed in terms of 
carbohydrate per x,000 corns so that the figures express the actual changes within the 
grains from day to day. More attention was paid in this investigation than in the previous 
one-' to the changes which occur during steeping and kilning of the grain, three samples, 
Si-S3, having been collected at daily intervals during steeping and four samples, KI-K4, 
during kilning. The latter samples were collected and analysed with their rootlets 
attached. Sample K5 was another batch of the binned malt which contained no rootlets 
and which was one year old at the time of analysis. 
Consideration of the results in Table II and Fig. i shows that the changes in the 
simple sugars generally resemble those previously observed for Plumage-Archer malt5 . 
Quantitatively, the most significant change is the marked rise in the sucrose content of 
TABLE II 
CHANGES OF THE CARBOHYDRATES OF BARLEY DURING MALTING 
(Results expressed as grams of individual sugar per x,000 corns) 





Sj Fr F2 	F6 
Flooring 





'ructose 0.027 0.052 0.027 0.042 0.100 0.097 0.132 0.145 0.189 0.267 0.297 0.262 
lucose 0.016 0.012 0.015 0.035 0.085 0.143 0.173 0.178 0.238 0.312 0.300 0.285 
;ucrosc 0.301 0.208 0.293 0.265 0.276 0.370 0.540 0.624 0.519 0.713 0.965 0.755 
vialtose - - 0.008 0.012 0.026 0.147 0.179 0.123 0.116 0.109 0.103 0.109 
vlaltotriose - - - - - 0.052 0.063 0.069 0.055 0.055 0.059 
,Iucodifructose 0.033 0.040 0.043 0.047 0.029 - - - - - ..... - 
affinose 0.058 0.054 0.077 0.050 0.014 - - - - 
7ructosan 0.226 0.584 0.459 0.370 0.401 0.410 0.621 0.842 0.752 0.494 0.477 0.374 
lucosan 0.725 0.577 0.711 0.824 0.869 0.876 1.611 2.161 1.396 1.216 1.036 1.129 
tarch 25.0 25.5 25.1 25.2 24.9 24.7 22.4 20.7 21.0 20.8 21.00 22.3 
entosan 0.11 0.04 0.08 0.09 0.07 0.11 0.30 0.40 0.33 0.37 0.38 0.32 











—Steep-- ---Floor----- —kiIn-------- 
Fig. 2. Changes of the oligosaccharsdes, starch, 
and other polysaccharides of Carlsberg barley 
during malting. 
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the grain throughout the whole period of flooring of the malt and again during kilning. 
During steeping an initial fall in the amount of sucrose occurred but, as the changes 
associated with growth of the barley grain increased in intensity, this trend was soon 
reversed. The onset of growth of this Carlsberg barley appears to have been more rapid 
than that of the Plumage-Archer barley previously examined as the rise in sucrose content 
of the grain commenced immediately after steeping whereas in the previous case it was 
delayed until the third day of flooring. The disappearance of raffinose and glucodifructose, 
however, was not complete as formerly until the second day on the floor. As in the pre-
vious instance also there were slight rises in the glucose and fructose contents of the grain 
during steeping, and these rises continued in parallel fashion until the second or third day 
of kilning of the malt, whereafter little further change took place. The presence of maltose 
was first detected on the second day of steeping of the barley and the amount of this car-














B SI S2 S3 Fl F2 F6 F9 KI K2 K3 K4 K5 
—Steep--- —Floor—Kiln- 
Fig. i. Changes of the simple sugars of Carlsberg 
barley during malting. 
Maltotriose was first noted on the second day of flooring, rising in quantity to a maximum 
on the first day of kilning and thereafter remaining approximately constant. Both malt-
ose and maltotriose were observed at an earlier stage of the malting process than on the 
former occasion. 
Reference to Fig. 2 and Table II shows that the changes in the oligosaccharide con-
tents of the grain resemble those noted previously for Plumage-Archer barley. A slight 
overall rise in the amount of glucosan occurred during steeping and was followed by a 
large increase during the period when the malt lay on the floor. On kilning the green malt 
the glucosan content declined at first rapidly and then more slowly until it reached an 
approximately constant level in samples K3 and K4. It is probable that part of this loss 
is due to respiration but the fate of much of the glucosan is at present unknown although 
some of it may be converted to sucrose (vide infra). The quantity of fructosan in the barley 
at first increased markedly on steeping but then decreased as steeping proceeded. 
During growth of the barley on the malting floor the amount of fructosan showed a 
steady increase but then a fall throughout the kilning process. 
The figures for soluble pentosan, which comprise those for both araban and xylan, 
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showed a fall during the first day of steeping, presumably due to loss of hemicellulose 
into the steeping water. After steeping, the quantity of pentosan increased slowly until 
the green malt was kilned, when it remained approximately constant. 
Although these general trends in the behaviour of the pentosan resembled those 
noted for Plumage-Archer barley it is interesting to note one point of difference. Whereas 
in the Plumage-Archer barley and malt the contents of araban and xylan were found to 
be approximately equal, in the Carlsberg malt the content of araban was only 75-80% 
of that of the xylan although the barley contained the same amounts of araban and 
xylan. The araban and xylan contents were found to be equal in all samples B-F2 and 
to differ in the above way in all samples F6-K5. This suggests that arabinose units were 
preferentially removed from the barley gums during the malting of the Carlsberg barley 
although their fate is at present unknown. Since they did not accumulate in the form of 
free pentoses they were presumably 
72Tofa/ 	metabolized. 
hexose(%) 	Reverting to the question of the 
formation of sucrose during kilning it 
30 was suggested in an earlier communi- 
cation that this probably took place 
29 
:: 	
hexose 	was not possible in the present in- 
28 er 





corns 	stance either to confirm or deny this 
as the following consideration of the 
27 results shows. If a balance is con- 
structed of the gains and losses of the 
26 sugars which occurred, for example, 
between the first and third days of 
kilning (KI—K3) it is found that the 
B SI 52 53 Fl F2 F6 F9 Xl K2 K3 1(4 K5 	 amount of sucrose (calculated as 
—Sfeep— —---Floor ---K,ln — --- hexose) increased by 0.471 9/I,000 
Fig. 3. Changes of the total carbohydrates of Carlsberg corns and that of free hexoses by barley during malting. 
0.170 9/I,000 corns. The decreases 
in the amounts of glucosan and fructosan calculated in the same way were 0.400 g and 
0.305 g respectively during this time and therefore the amount of fructose formed, both 
free and combined in the form of sucrose, during this period might have originated either 
in the fructosan or glucosan or both. 
The starch contents of the Carlsberg barley and the derived samples are shown in 
Fig. 2 and Table II. The amount of starch appeared to remain substantially constant 
during the steeping process, beginning to fall appreciably during the following day or 
two and continuing to fall more rapidly as malting proceeded. On kilning the green malt 
the starch content ceased to decline and remained approximately constant during 
kilning. The overall loss of starch during flooring (S3—F9) was 4.5  g/i,000 corns or iS% 
of the initial weight of starch in the barley. This figure is to be compared with 18.7% for 
a Proctor barley previously examined 7 , 15.0% for a Sratt-Archer barley 7, and 15.1% 
for the above-mentioned Plumage-Archer barley5 . It is this amount of starch which gives 
rise to maltose, maltotriose, the dextrin fraction of glucosan, and presumably to fruc-
tosans and sucrose as well as volatile respiration products during malting. Glucosans 
other than dextrins are presumably formed from the barley gums. 
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TABLE III 
CHANGES OF THE CARBOHYDRATES OF BARLEY DURING MALTING 
(Results expressed as grams of hexose-rnonosaccharide per 1,000 Corns) 
Sample (Numbers refer to days' duration of each process) 
Carbohydrate B Si S2 S3 Fi F2 F6 F9 Kr Ka K3 K4 
Barley Steeping Flooring Kilning .11alt with 
rootlets 
Fructose 0.027 0.012 0.027 0.042 0.100 0.097 0.132 0.145 0.189 0.267 0.297 0.262 
Glucose 0.016 0.012 0.015 0.031 0.085 0.143 0.173 0.178 0.238 0.312 0.300 0.285 
Sucrose 0.317 0.219 0.308 0.279 0.291 0.389 0.568 0.657 0.546 0.750 1.017 0.795 
Maltose - - 0.008 0.012 0.027 0.155 o.rSS 0.130 0.122 0.115 0 . 108  0.115 
Maltotriose - - - - - - 0.056 0.067 0.074 0.059 0.059 0.063 
Glucoclifructosc 0.035 0.043 0.046 0.050 0.031 - - - - - - - 
Raffinose 0.062 0.058 0.082 0.054 0.015 - - - - 
Fructosan 0.251 0.649 0.510 0.411 0.445 0.455 0.690 0.935 0.835 0.549 0.530 0.416 
Glucosan o.S0 0.641 0.790 0.916 0.965 0.973 1.790 2.401 1.551 1.351 1.151 1.254 
Starch 27.8 28.3 27.9 28.0 27.7 27.4 24.9 23.0 23.3 23.1 23.3 23.7 
Total ltexose 29.3 29929.7 29.8 29.6 29.6 28.5 27.5 26.9 26.5 26.8 26.9 







The overall balance of the sugars estimated is shown in Table III and Fig. 3,  where 
plotting of the results of the analyses for each sugar in terms of hexose per 1,000 corns 
permits direct comparison of the total amount of all carbohydrates, built up of hexose 
units, in one sample with that of the similar carbohydrates of any other. In this way the 
variation during the whole malting process of the total extractable carbohydrate apart 
from pentosan is conveniently depicted. Figures for pentosan are given separately in 
Table iT. Consideration of the results for samples S3 and F9 shows that during the 
flooring of the malt the quantity of starch per 1,000 corns (expressed as hexose) diminished 
by 5.0 g while the total amounts of simpler sugars, comprising fructose, glucose, sucrose, 
maltose, maltotriose, fructosan and glucosan, increased by 2.8 g. The net loss of hexose 
was therefore 2.2 g or 1.96 g when calculated as starch or hexosan. At the same time the 
loss in total dry weight per 1,000 corns was Ca. 1.8 g or 4.6% by weight of the barley, i.e. 
the net loss of hexose calculated as starch was substantially equal to the loss of volatile 
(respiration) products during flooring of the malt. It is not possible to establish from the 
analyses carried out what contribution the barley gums or hemicelluloses make to the 
total amount of soluble sugar and respiration products as there is presumably a contin-
uous solubilisation and utilization of these materials. The rootlets of sample F9 amounted 
to 4.85% of the dry weight of this green malt or 4.60% by weight of the inital dry weight 
of barley, while the overall malting loss was 9.7%  (see Table III for i,000 corn weights 
of key samples). Conventional analyses 24 of the barley and malt are given in Table IV. 
Efficiency of the conversion of malt carbohydrates to wort carbohydrates 
The complete carbohydrate analysis of a sample (Ks) of the Carlsberg malt ( 1 5) is 
shown in Table V. This malt was used for the production of a number of worts by a 
standardised method of infusion mashing in which the malt (20 lb or 9.8 kg) yielded wort 
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ANALYSIS OF Carlsberg BARLEY AND MALT OF THE 5953 SEASON 
A natysis 	 Barley 	Malt (Ks) 
Moisture (%) 14.8 2.69 
Nitrogen (%, dry wt) 1.43 1.32 
P.S.N. (%, dry wt of malt) - 0.490 
Index of modification (%) 37.' 
1,000 corn weight (g; dry) 39.10 35.30 
Predicted extract * 
(lb per Qr; dry) 504.4 
Hot water extract (g; dry) - 104.6 
Cold water extract (%; dry) - 18.7 
* In calculating predicted extract, tile factor, 111.5, was used. 
TABLE V 
CARBOHYDRATE ANALYSIS OF Carlsberg MALT (5953) SAMPLE 5(5 
(Results expressed as per cent of dry weight of grain) 
(a) 	(b) 
Carbohydrate 	 As present 	As mono- 
in grain sacchari4e 
Starch* 59.6 66.22 
Glucosan 1.74 1.93 
Fructosan 1.00 1.11 
Maltotriose 0.42 0.45 
Maltose 0.73 0.77 
Sucrose 3.72 3.92 
Glucose 1.31 1.31 
Fructose 0.55 0.55 
Total carbohydrate 
69.07 76.26 derived from hexose 
Pentosan 0.70 1.00 
69.77 77.26 
* The mean of the estimations detailed in Table I. 
TABLE VI 
CARBOHYDRATE ANALYSES OF WORTS FROM Carlsberg MALT (1953) 
Carbohydrate 
per cent. of 
Brew number Mean sugar content 
wort solids* 1 2 3 4 5 6, as found cats, as hexose 
Hexose 8.6 8.6 8.2 9.7 8.8 9.6 8.9 8.9 
Sucrose 5.6 4.1 6.4 5.1 5.0 4.9 5.2 5.5 
Maltose 38.2 40.1 38.1 38.2 39.9 39.4 39.0 41.1 
Maltotriose 52.3 13.0 14.9 12.3 12.9 13.1 13.1 54.0 
Maltotetraose 5.9 6.6 4.4 6.2 5.5 5.2 5.6 6.1 
Dextrin 20.9 21.0 20.1 58.5 19.9 59.8 20.0 22.2 
Total 91.5 93.4 92.5 90.0 92.0 92.0 91.8 97.8 
* Calculated from the gravity of wort using the solution divisor, 3.93. 
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(13.125 gallons or 59.59 1) at a specific gravity of Ca. 1045. The extracts produced in this 
series of experimental mashes and the detailed carbohydrate analyses of each wort are 
shown in Tables VII and VI respectively. 
From these data an expression for the efficiency of the carbohydrate conversion 
during the mashing process is obtained by computing the total wort carbohydrates as 
monosaccharide and expressing them as a percentage of the total malt carbohydrates 
calculated on the same basis (Table VIII). Thus, the mean figure for the total hexose in 
the wort (Table VI) is 97.8% of the total solids of the wort, when the latter are calculated 
by dividing the gravity by the solution divisor 3.93. Reference to Table V, column (b), 
shows that the malt contains 76.26% of sugar as hexose and this amount represents 
98.4% of the corresponding wort solids, themselves accounting for 77.47%  of the malt 
solids (Table \TII). The percentage conversion of malt solids to wort solids is therefore 
X 100 = 994%. 98.4 
The brewery extract was on average 102.2 lb/Qr dry malt and this corresponds 
with. the carbohydrate conversion of 99.4%.  However, the laboratory extract of this 
TABLE \Tff 






(lb/ Qr dry malt) 
Extract* 
(% w/w 
1 1045.30 102.0 77.3 
2 :1044.86 101.0 76.6 
3 1045.77 103.1 78.1 
4 1045.30 102.0 77.3 
6 1045.61 102.7 77.8 
7 1045.40 102.2 77.5 
S 1045.50 102.4 77.7 
Mean values 1045.39 102.2 77.47 
* As present in the wort, i.e. uncorrected for hydration; and calculated using the solution 
divisor 3.93. 
TABLE Viii 
THE CONVERSION OF THE CARBOHYDRATES OF MALT DURING MASHING 
Carbohydrates of malt computed as 	 Carbohydrates at wart 
,noaosaccha ride and expressed as per (cf. Table VI) 
cent at wart solids (cf. Table 17) 
Starch 85.48 Dextrin 22.2 
Glucosan 2.49 Maltotetraose 6.1 
Fructosan 1.43 
Maltotriose O- 5S Maltotriose 14.0 
Maltose 0.99 Maltose 41.1 
Sucrose 5.06 Sucrose 5.5 
Glucose 1.69 Glucose s .9 Fructose 0.71 Fructose 
Total 98.43 97.8 
Percentage conversion of malt hexose 	97.8 
to wort hexose 
= 
X 500 = 99.4% 98.43 
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malt was found to be 104.6 lb/Qr and the carbohydrate conversion was presumably even 
higher in this laboratory wort than in the brewery wort. It is concluded that within the 
limits of accuracy of the experiment essentially all of the available carbohydrate (Table 
V and VIII) of this Carlsberg malt is solubilised during the mashing process, particularly 
in the laboratory. 
Experiments are at present being carried out to apply the methods of carbohydrate 
analysis described in this communication to a number of barleys and derived malts in 
order to determine the regularity of the relationship between their total carbohydrates 
so that extracts may be predicted from barley analyses. At the same time it is felt that 
the assessment of conversion efficiencies in the way described may well lead to an ap-
preciation of the degree of modification of malts which will be complementary to the 
well-known nitrogen index. The results of these experiments will be published elsewhere. 
SUMMARY 
Methods of analysis for the carbohydrates of barley and malt have been worked out. The simple 
sugars up to the level of trisaccharides have been estimated by means of paper chromatography and 
more complex oligosaccharicles or dextrin-like compounds by hydrolysis with acid and determination 
of the derived monosaccharides by paper chromatography. Starch has been determined by chemical 
extraction with aqueous chloral, sodium hydroxide, or perchloric acid, isolation by precipitation with 
acetone or iodine, and estimation as glucose. The latter estimation has been effected by hydrolysis of 
the starch with acid followed by oxidation of glucose with alkaline hypoiodite or by direct reaction 
of the starch with anthrone-sulphuric acid. The hydrolysis method has the disadvantages of being 
time-consuming and of necessitating a correction in the results for the decomposition of glucose which 
occurs with acid, and the method using anthrone is therefore preferred. 
The methods of analysis have been applied to the study of the variation of the carbohydrate 
content of Carlsberg barley during malting with particular reference to steeping and kilning. The 
results of the malt analysis have been compared with those of the analysis of derived worts to give a 
measure of the efficiency of the conversion of malt carbohydrates to wort carbohydrates. It is suggested 
that this measure will provide an assessment of the degree of modification of malt complementary to 
that already given by the well-known nitrogen index. 
CONTRIBUTION A L'EVALUATION DES HYDRATES DE CARBONE 
DU MALT ET DU MOOT 
RIS UME 
On a dlabord avec succès des méthodes d'analyse pour les hydrates do carbooc .cle l'orge et du 
malt. Les sucres simples jusqu'au nivcau des trisaccharides ont été évalués par chromatographic sur 
papier et les oligosacc [land es plus complexes, on lcs composes du type dextrine, par hvdrolyse a l'acide 
et determination des monosaccharides clérivds par chromatographic sur papier. L'amidon a etC deter-
mind par extraction chimique avec une solution aqueuse do chloral, soude caustiquc on acide per-
chlorique, isolement par precipitation a l'acCtone on a l'iodc, et evaluation en taut que glucose. Cette 
evaluation a etC effectuée par hvdrolyse de l'arnidon a l'acide, suivie par l'oxydlation du glucose par 
l'hvpoioclbrc alcalin on par reaction directe dc l'amiclon avcc l'acidle anthrone-sulfuriquc. La méthocie 
par hydrolyse a le dCsavantage do prenclre clu temps et do nCcessiter une correction des rCsultats pour 
tenir compte do la decomposition du glucose qui so procluit avec l'acide, et on prCfère done la mCthode 
utilisant l'anthrone. 
Les mCthodes cl'analyse out été appliqudes a l'Ctude do la variation de la tencur on hydrates dc 
carbone do l'orge do Carlsberg pendant Ic maltage en attachant une importance particuliCre du treni-
page et an touraillage. On a compare les rCultats dc l'analysc Cu malt avec ceux do l'analyse des 
mofits dCrivCs pour obtonir une mesure dc l'efficacitC dc La conversion dies hydrates de carbone clu 
malt on hydrates dc carboiie clu moCt. On suggère quo cette mcsure fournira une evaluation clu clegrd 
do desagrdgation du malt, qui pourra completer cello dléjfi donnée par l'indlice d'azote bien connu. 
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EIN BEITRAG ZUR BEURTEILUNG DER KOHLEHYDRATE 
VON MALZ UND WURZE 
ZUSAMMENFASSUNG 
Methoden zur Analyse der Kohlehydrate der Gerste sowie des Malzes sind entwickelt worden. 
Die einfachen Zucker his zu den Trisacchariden sind mittels Papierchromatographie bestimmt worden 
unci die komplexeren Oligosaccharicle Oder dextrinartigen Verbindungen mittels Hydrolyse mit Skure 
unci Bestimmung der erhaltenen Monosaccharide mittels Papierchromatographie. Die Starke wurde 
ermittelt nach chemischer Extraktion mit wksserigem Chloral, Natriumhyclroxycl oder Uberchior-
skure, isolierung durch Ausfallung mit Aceton oder Jod, unci Bestimmung in Form von Glukose. 
Letztere Bestimmung wurde (lurch Hydrolyse der Starke mit Sflure uncl anschliessende Oxydation 
der Glukose mit Alkalihypojodit ocler durch unmittelbare Reaktion der Starke mit Anthron-Schwefel-
sfiure ausgefUhrt. Das Hyclrolyseverfahren hat die Nachteile, class as zeitraubend ist und class die 
Resultate mit Rücksicht auf die in Gegenwart von Säure stattflndende Zersetzung der Glukose 
korrigiert werden miissen, aus welchem Gruncle das mit Anthron arbeitencle \Terfahren vorzuziehen ist. 
Die Analysenmethoden sind auf die Untersuchung der Anclerung des Kohlehydratgehaltes der 
Carlsberger Gerste wfihrencl des Mklzens angewanclt worclen, mit besonclerer Rücksicbt auf das Weichen 
und das Darren. Die Resultate der Analyse des Malzes wurcien mit clenen der Analyse der erhaltenen 
Wurzen verglichen, um so ein Mass für die Ausbeute der Umwancllung der Malzkohlehydrate in 
Wurzekohlehydrate zu erhalten. Es wirci vorgeschlagen, class cliese Messung die Beurteilung des 
Losungsgracles der Maizes, zusammen mit der durch die bekannte Stickstoffzahl gegebenen, ermOg-
lichen wird. 
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DISCUSSION 
Prof. L. MASSART (Belgium) mentions that he found raffinose only in the embryo and not in the 
endosperm. 
In reply the AUTHOR states that raffinose disappears during the first two days of the germination, 
and this would appear to confirm that it is located in the embryo and therefore rapidly metabolised 
in common with glucodifructose and, initially, sucrose. 
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The observation5' 6  that malt starch differs in chemical 
structure from barley starch throws doubt on the 
reliability of methods of estimation of these starches 
based purely upon their physical properties such as 
optical rotation 2 and blue coloration with iodine. 12 
On the other hand chemical methods of estimation, 
especially those involving hydrolysis of the starch to 
glucose, have been used with some success. McCready 
et al.9 showed \ recently, however, that hydrolysis of 
various vegetable starches with dilute acid followed by - 
reductometric estimation of glucose gave results which 
were 2-3% lower than those obtained by direct treatment 
of the starch with the anthrone-sulphuric acid reagent." 
It has now been found that hydrolysis of granular 
barley starch8 with N-sulphuric acid for seven hours 
yielded an amount of glucose corresponding to only 96% 
by weight of the polysaccharide, whereas the direct treat-
ment with anthrone-sulphuric acid showed that 99O ± 
215% of the granules consisted of glucose residues. A 
sample of malt starch, isolated by extraction with aqueous 
chloral (v. infra) and precipitation with acetone, gave 
on acid hydrolysis only 92% of the amount of hexose 
shown to be present by anthrone-sulphuric acid. The 
decomposition of barley and malt starches generally on 
acid hydrolysis was found to be somewhat variable and 
this finding is in agreement with the results obtained 
with other starches by Etheredge 3 and other authors. 7, 13 
On the other hand, the values obtained with anthrone-
sulphuric acid were satisfactorily precise and all estima-
tions of barley and malt starches in these laboratories 
are now effected by means of this reagent. 
A survey of methods of solubilizing the starches from 
barleys and malts for analysis as above has shown that 
direct chemical methods are superior to those based 
on the use of enzymes. Suitable reagents for extracting 
the starches comprise 33% chloral,', 10  formamide, i%  
sodium hydroxide and 30% perchloric acid 12, 14 and the 
results obtained using these solvents with two samples 
of malt, from which simpler sugars had been extracted 
previously with 80% ethanol and with warm water, are 
given in Table I. It will be observed that formamide, 
sodium hydroxide and perchloric acid extracts contain 
more total carbohydrate, as estimated with anthrone, 
than is accounted for in the precipitates obtained by 
treatment of the extracts with iodine. 14 The latter 
precipitation procedure has been shown to result in the 
recovery of 98-6 ± o9% of barley starch as compared 
with 990 ± 2-1 5% prior to precipitation (v. supra) 
showing clearly that iodine removes the cereal starch 
quantitatively from solution in agreement with the 
results of Pucher et al. 14  Hence it is apparent that the 
carbohydrate not precipitated by iodine from the above 
extracts consists of non-starchy polysaccharide. Isola-
tion and hydrolysis of this material showed that it is 
composed largely of glucose units together with smaller 
amounts of arabinose and xylose residues, and it is 
doubtless of the nature of hemicellulose. The total 
polysaccharide in the perchloric acid solution cannot 
therefore be taken as a measure of the actual cereal 
starch in contrast to the results of McCready et al.9 
with vegetable starches. Extraction of the cereal 
starches with chloral is on the other hand selective since 
the whole of the dissolved polysaccharide is found to be 
precipitated either by acetone or by iodine. The 
extraction with chloral is time-consuming, however, and 
furthermore it is not possible, unfortunately, to estimate 
the total carbohydrate in the chloral extract directly 
as the chloral partially inhibits the formation of colour 
with anthrone. The most rapid procedure for routine 
estimation of starch was found to consist in extraction 
with perchloric acid as recommended by Nielsen" and 
by Pucher et al.,14 precipitation with iodine in the 
presence of sodium chloride, regeneration from the 
precipitate as described by the latter authors and 
estimation by means of anthrone-sulphuric acid. 4" 
It is hoped to publish full details of this work in the 
Journal of the Institute of Brewing. 
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Table I 
Analysis of the total carbohydrate and starch in extracts of malts 
(Variety, Carlsberg; season 3953) by means of anthrone-sulphuric acid 
(Results expressed as percentages of the dry weight of grain) 
Sample analysed  
Method of analysis I 2 
Extractant Precipitant Total carbohydrate Starch Total carbohydrate Starch 
(before pptn.) (after pptn.) (before pptn.) (after pptn.) 
30% perchioric acid 	.. 	.. Iodine 61-o 5910 63-7 59-8 
Formamide 	.. .. .. Iodine 60-3 574 60-7 58 
1% sodium hydroxide 	.. 	.. Iodine 595 57 . 7 610 590 
33% chloral 	....... .. Acetone 58.5* 58-3 . 	 6o4 6o-i 
* By weight, corr. for protein content 
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A comparison has been made of methods of determining the starches in barley 
and malt, and satisfactory procedures have been worked out. Analyses were usually 
carried out on materials in which the enzymes had been inactivated and from 
which the simpler carbohydrates had been removed by means of aqueous ethanol 
and water. Starch in this material was gelatinized with hot water and then dis-
persed with chloral, perchloric acid, sodium hydroxide, formamide or ammonium 
carbonate or with enzymes. Although each of the first four reagents proved to 
be excellent for dispersion, the procedure which was also most rapid and which gave 
precise and accurate results involved the use of aqueous perchloric acid. The starch 
was recovered quantitatively from each of the extracts by precipitation with 
iodine and was estimated as glucose directly with anthrone-sulphuric acid reagent. 
The determination of glucose after hydrolysis of the starch with dilute acid was 
found to be less satisfactory, in that appreciable degradation of the sugar occurred 
during hydrolysis. 
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INTRODUCTION AND DISCUSSION 
.IN malting and brewing the full utilization 
of starch is of prime importance, since this 
carbohydrate constitutes over 50% by weight 
of barley and malt, 12 '17 "8 ' 20 and its transfor-
mation products, including glucose, maltose, 
maltotriose, various dextrins and fructose 
derivatives, represent over 90% of the solids 
present in wort. 9 '25 '26 It follows, therefore, 
that accurate methods of starch determination 
are needed, and a survey of various methods 
resulted in the elaboration of an apparently 
satisfactory procedure. 
Previous investigations by the present 
authors9 ,12  were made using aqueous chloral 
to extract starch from barley and malt 
followed subsequently by precipitating it 
with acetone and hydrolysing to glucose 
with dilute acid. This procedure not only 
proved to be time-consuming when large 
numbers of samples were dealt with, but has 
also been, shown to give low results (see 
below). A survey of the literature reveals 
numerous methods for determining starch, 
which have been summarized by Radley 31 
and by Herd & Kent-Jones ;14  Radley alone 
lists over 150 references. Those methods 
capable of wide application may contain as 
many as four stages of analysis. Firstly, the 
material to be analysed is commonly ex-
tracted with boiling aqueous ethanol to 
remove simpler sugars and various poly-
saccharides other than starch. The extrac-
tion with aqueous ethanol was used by 
Ling" and by LUers 21 in their determinations 
of starch in barley and malt. The present 
authors have supplemented this procedure 
by extraction with water in order to remove 
barley gums. 9 ' 12 Following the preliminary 
removal of other carbohydrates, the starch 
is rendered soluble by gelatinization with 
water, and solution is completed by adding a 
dispersing agent. Numerous substances (cf. 
Radley31), including dilute acids and alkalis, 
formamide, glycerol, ammonium carbonate, 32 
calcium 'chloride, 15 chloral,2 magnesium 
chloride, perchloric acid ,16 ' ' ,30 potassium 
thiocyanate, zinc chloride, and diastase as 
well as other enzymes, have been proposed 
for this purpose. It was found that neither 
ammonium carbonate 32 nor enzymes3,7 1 19,21 
brought about complete solution of the 
starch of barley or malt. Further, although 
formamide, sodium hydroxide, chloral and 
perchioric acid each removes the starch 
completely from the grain after several 
extractions, in actual practice perchioric 
acid offers the advantage of rapidity, fewer 
individual extractions being required. Where 
rapidity is not a critical factor, satisfactory 
results are obtained using the other reagents 
(cf. Table I and Hall, Harris & MacWilliam 10) 
which have an advantage in being cheap. 
The extracted starch is freed from accom-
panying carbohydrates by selective precipi-
tation with iodine. 30 '32 In this connection it 
is of interest that, in the extracts prepared 
from barleys and malts with the aid of per-
chioric acid, sodium hydroxide, or formamide, 
there is present considerably more carbo-
hydrate than is accounted for in the starch-
iodine precipitate, as much as 4% of hexosan 
(calculated on the 'dry weight of grain) being 
observed. Since it has been shown both 
here and elsewhere30 ' 32 (cf. Table II) that the 
recovery of starch by precipitation with 
iodine is quantitative, this excess carbo-
hydrate consists of non-starchy material. 
Isolation and hydrolysis as described in the 
Experimental section revealed that this poly-
saccharide or mixture of polysaccharides is 
composed of glucose,' arabinose and xylose 
residues in the ratio 24:075:045 (%, dry 
weight of grain). This non-starchy poly-
saccharide is not extracted with chloral 
(Table I). 
The final stage in the analysis involves 
estimating the starch either by hydrolysis to 
glucose or by physical methods. Of the 
many methods which have been suggested, 
the only truly satisfactory one in our hands 
is that in which the starch undergoes hydro-
lysis in anthrone-sulphuric acid solution 
',15,16,24  with the simultaneous formation of a 
coloured complex, the intensity of which is 
measured in the Spekker absorptiometer. 
Unfortunately, it was not possible to apply 
this method with success directly to the 
chloral extracts of starch, as the formation 
of the blue colour with anthrone is con-
siderably inhibited in the presence of chloral. 
Consideration was given to other hydrolytic 
methods based on the use of (a) enzymes, 
(b) acid or (c) a combination of both. 
Lüers2' and Ling19 employed method (a) 
using a highly diastatic malt extract to 
hydrolyse starch to a mixture of sugars of 
which the reducing power was determined 
by means of Fehling's reagent. The results 
were expressed as maltose but, as the 
enzymes present in malt extracts may vary 
in the extents of their actions on starches 
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from various barleys and malts and thus 
produce varying amounts of individual 
sugars, this method is not of general applica-
bility. The method (c) above was an attempt 
to overcome this difficulty by hydrolysing 
the enzymic digest with acid. Examination 
of the acid hydrolysis procedure has shown, 
however, that it leads generally to low and 
variable results. Thus, comparison of the 
results of the hydrolysis with N sulphuric 
acid of granular barley starch, prepared by 
the method of MacWilliam & Perciva124 from 
Plumage-Archer barley, with those obtained 
by direct hydrolysis and colour formation in 
anthrone-sulphuric acid, showed that only 
96-97% of the glucose residues in the starch 
was recovered by acid hydrolysis. A similar 
comparison for starch prepared by precipita-
tion with acetone from a chloral extract of 
the malt showed the even smaller recovery of 
92%. Hence, whereas the factor calculated 
for the conversion of glucose to starch accord-
ing to the equation, n(C6H,206) - (C 6H 10O5), 
is 090, that in the first case cited above is 
094 and that in the second instance is 098. 
The general use of factors ranging from 090 
to 095 as advocated by numerous workers 
3,5,18,24,29,30 can only lead, therefore, to 
inaccurate results, and the assumption made 
in earlier communications from these labora-
tories that the factor 090 was applicable to 
the results of starch estimations using dilute 
acid hydrolysis is invalid. Whereas the 
earlier results were generally satisfactory 
from the point of view of comparing the 
starch contents of various samples of barley 
and malt,9 ,12  they require correction for the 
comparison of the analysis of carbohydrates 
of malt with that of the sugars of worts 
according to the method given by Hall, 
Harris & MacWilliam. 9 This subject is dealt 
with more fully in subsequent papers. 
The physical methods which have 
previously been used in the final estimation 
of starch comprise polarimetric determina-
tion4 ,6,20,31and  colorimetric methods 28 ' 31 based 
on the formation of the blue complex of 
starch with iodine. It is now widely recog-
nized, however, that starch consists of a 
mixture of two components, amylose and 
amylopectin, which differ in their capacities 
to form the coloration with iodine and in 
their optical activities. The ratio of the 
amount of amylose to that of amylopectin 
may vary considerably from one sample to 
another, and the accurate application of the  
colorimetric method therefore depends on 
the time-consuming preparation of authentic 
starch samples from the material analysed. 
In particular, it has recently been shown' ," 
that the relative amounts of amylose and 
amylopectin in barley starch alter during 
making, and hence no general application of 
the colorimetric or polarimetric methods can 
be made to barley and malt. 
From the above survey it is concluded 
that the most precise method of estimating 
starch involves (a) preliminary extraction of 
simpler carbohydrates, (b) solution of the 
starch with aqueous perchioric acid, (c) 
precipitation with iodine, 30 '32 and (d) estima-
tion with anthrone-sulphuric acid.8 ,24,26 
EXPERIMENTAL 
Preparation of samples of barley and malt 
for analysis.—A representative sample (5-
20 g.) was boiled under reflux in 80% ethanol 
(5 parts) for 2 hr. to inactivate enzymes. 
The grains were filtered off, washed, dried in 
• vacuum, and ground in a Wiley mill using 
• 30-40-mesh screen; the flour was ex-
haustively extracted in a soxhlet apparatus 
with 80% ethanol. The residual material, 
after drying at 40° C. in a vacuum, was then 
extracted three times by stirring with five 
parts of water at 40° C. for 1 hr. The 
residue was centrifuged off, washed with 
cold water and then with alcohol, and finally 
dried at 40° C. in a vacuum. It was ground 
in a Wiley mill using the 80-mesh screen 
prior to extraction of the starch. 
Dispersion of starch.—(a) Dispersion with 
perchloric acid :28,30  A portion (100 mg.) of the 
ground sample was mixed in a centrifuge tube 
with water (8 c.c.) and sharp sand (approx. 
200 mg.). The tube and contents were 
heated in a boiling-water bath to gelatinize 
the starch and then cooled in an ice bath. 
72% Perchloric acid (6 c.c.) was added 
slowly with constant stirring and the Un-
dissolved material was ground on the side 
of the tube with the aid of the sand and a 
glass rod. After 20 mm., the mixture was 
diluted to about 40 c.c. with water and 
centrifuged clear, and the supernatant liquid 
was transferred to a volumetric flask. The 
residue was extracted again with cold water 
(8 c.c.) and 72% perchioric acid (6 c.c.) as 
before, the mixture diluted, centrifuged, and 
the liquid transferred to the flask. The 
residue was washed with water until the 
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washings gave no blue coloration with iodine 
in potassium iodide solution. The combined 
extracts and washings were made up to a 
standard volume (500 c.c.). 
Dispersion with chloral: This was 
effected on samples of 0.5 g. by the method 
previously described. 12 Generally only three 
extractions with 33% chloral were required 
to extract the starch completely, but in some 
cases as many as six were necessary. 
Dispersion with sodium hydroxide: The 
sample (0.2 g.) was extracted twice with 1% 
sodium hydroxide (25 c.c.) in the cold, with 
stirring, to remove the bulk of starch. The 
residue was then extracted with two portions 
Of 10-N sodium hydroxide to free it com-
pletely from starch. The combined solutions 
were diluted to volume (1,000 c.c.). 
(ci) Dispersion with formamide: The sample 
(0.1 g.) was treated with formamide (5 c.c.) 
for 10 mm. at 1000  C. The mixture was 
cooled and centrifuged as before. Three 
extractions were necessary to solubilize all 
the starch. The combined extracts were 
treated with sodium hydroxide solution (10 
c.c.) with shaking to keep the starch in 
solution, and the mixture was diluted to a 
standard volume (500 c.c.). 
Recovery of the extracted starch by precipita-
tion with iodine.30 ' 32—An amount of the 
solution (15-25 c.c.) calculated to contain 
3-5 mg. of starch was diluted, if necessary, 
to 25 c.c. with water. In the case of the 
perchloric acid and chloral extracts obtained 
as above dilution was made directly, but in 
the case of the sodium hydroxide and for-
mamide solutions slight acidification with 
sulphuric acid was necessary. 20% Sodium 
chloride solution (12.5 c.c.) and iodine-
potassium iodide solution*  (5 c.c.) were 
added. After standing overnight, the mix-
ture was centrifuged and the resultant clear 
supernatant liquid removed. The blue pre-
cipitate was washed with portions (2 x 2 c.c.) 
of an alcoholic solution of sodium chloride 
prepared by mixing ethanol (350 c.c.) with 
20% aq. sodium chloride (50 c.c.) and water 
(100 c.c.). 
The starch-iodine precipitate was decom-
posed by treating it with a solution 
(2 c.c.) of sodium hydroxide in aq. ethanol, 
prepared by mixing ethanol (350 c.c.), 5-N 
* This reagent was prepared by grinding iodine 
(7.5 g.) and potassium iodide (7.5 g.) with water 
(150 c.c.), diluting to 250 c.c., and filtering through 
Whaman No. 3 paper.  
sodium hydroxide (25 c.c.) and water (125 
c.c.). The tube was agitated gently at 
intervals until the blue colour was com-
pletely discharged and the precipitate of 
starch was separated by centrifugation. It 
was washed with alcoholic sodium chloride 
as before and was then dispersed in 01-N 
sodium hydroxide (10 c.c.) prior to dilution 
to standard volume (100 c.c.) before 
estimation. 
Estimation of starch as glucose.—The 
solution of starch obtained by one of the 
methods a, b, c, or d, followed by the 
recovery process described, was diluted with 
water if necessary so that the final con-
centration of carbohydrate was in the range 
30-35 jig. per c.c. The starch was then 
allowed to react with anthrone-sulphuric acid 
according to the procedure of Hall. 8 Portions 
(5 c.c.) of the solution were frozen by im-
mersing the tubes containing them in a 
mixture of alcohol and solid carbon dioxide. 
The tubes were closed by means of ground 
glass stoppers to exclude dust during freezing. 
To each tube a portion (10 c.c.) of a solution 
of anthrone (0.2 g.) in sulphuric acid (100 c.c.; 
Analar reagent) was added and the mixture 
allowed to thaw to give a straw-yellow solu-
tion. The stoppered tube and contents 
were heated at 90 ± 0.10 C. for exactly 14 
mm. and then cooled in running water. The 
intensity of the blue coloration formed was 
then read in the Spekker absorptiometer 
against distilled water, using 1 cm. cells 
and orange filter No. 607. At the same time, 
blanks prepared by heating the distilled 
water with anthrone-sulphuric acid under the 
same conditions were read against water. 
The amount of starch in the solution was 
calculated by comparison of the net Spekker 
reading with that obtained from a standard 
aq. glucose solution (Ca. 36 mg. per litre) on 
reaction with anthrone-sulphuric acid at the 
same time. The Spekker readings used in 
the calculation were average values from five 
determinations on each solution. 
Comparative results obtained by means of 
the application of this method to the starch 
extracted from malts by the methods 
(a-d) are given in Table I, together with 
those obtained on starch precipitated from 
a chloral extract by acetone according to the 
method given in Part 1•12 
Precision of the determination of starch in 
perc/iloric acid solution.—Granular starch was 
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TABLE I 
DETERMINATION OF STARCH IN EXTRACTS OF CARLSBERG MALTS (1953) 
(Results expressed as percentages of the dry weight of grain) 
Method of analysis Sample analysed 
Extractant Precipitant Method of estimation Malt 1 Malt 2 
30% Perchloric acid 	.. 	 .. Iodine Anthrone-sulphuric acid 590 598 
Formamide 	.. 	 .. 	 .. 	 .. Iodine Anthrone-sulphuric acid 574 585 
1% Sodium hydroxide .. 	 .. Iodine Anthrone-sulphuric acid 577 59•0 
33% Chloral 	.. 	 .. 	 .. Acetone Weighing (Corr. for protein) 585 604 
Anthrone-sulphuric acid 581 601 
TABLE II 
PRECISION OF THE DETERMINATION OF BARLEY AND MALT STARCH IN PERCHLORIC ACID SOLUTION BY MEANS 




Recovery of dry weight (% of 
nitrogen-free material) Standard 
deviation 
± Maximum Minimum Mean 
Barley starch: 
Total carbohydrate in solution before 
addition of iodine 	.. 	 . . 	.. 21 1015 936 991 215 
Total carbohydrate in iodine precipitate 13 1002 969 987 090 
Malt starch: 
Total carbohydrate, in solution before 
addition of iodine 	.. 	 .. 	 .. 15 1005 961 984 138 
Total carbohydrate in iodine precipitate 13 1012 975 991 120 
prepared from Plumage-Archer barley and 
malt (1951) by the method of MacWilliam 
& Percival. 13 The material from barley Con-
tained less than 0.06% of protein, but 
that from malt was contaminated with Ca. 
3%. Each was dissolved in aq. perchioric 
acid in the manner described above and 
the carbohydrate was estimated with an-
throne-sulphuric acid both before and after 
precipitation with iodine. The results are 
summarized in Table II. It was confirmed 
by model experiments on glucose that per-
chloric acid did not lead under the con-
ditions of the determination to the production 
of materials unreactive towards anthrone-
sulphuric acid. Glucose solutions in per-
chioric acid were prepared at concentrations 
comparable to those used in the starch 
analysis and were allowed to stand at 00,  20°, 
and 30° C. respectively. Aliquot portions of 
the solutions were removed at intervals and 
analysed by means of anthrone-sulphuric acid. 
It was found that the solutions could not be 
kept without decomposition for longer periods 
than 1 day even at 0° C., but that the 
presence of perchioric acid did not interfere 
in the reaction of glucose with anthrone-
sulphuric acid. 
Decomposition of starch during acid hydro-
lysis.—(a) Barley starch: The granular 
starch was boiled with 10-N sulphuric acid 
for 7 hr. as above and the glucose estimated 
(i) by hypoiodite oxidation12,33  and (ii) by 
means of anthrone-sulphuric acid. The 
recovery of starch by method (i) was found 
to be 954% and by method (ii) 96.0%, 
assuming the original starch to be pure. 
The mean recovery by direct solution of the 
starch in perchloric acid and estimation with 
anthrone-sulphuric acid as previously des-
cribed was 990 ± 2.15% (Table II), showing 
that the loss of glucose caused by the acid 
hydrolysis was 3-4%. 
(b) Malt starch prepared by extraction with 
chloral and precipitation with acetone: A 
portion of this material (0.1 g.) was dissolved 
in perchloric acid solution and estimated 
directly with anthrone-sulphuric acid. 
Another portion (0.1 g.) was boiled with 
10-N sulphuric acid (25 c.c.) for 7 hr. and 
the glucose formed estimated with alkaline 
hypoiodite and with anthrone as previously 
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described. Hypoiodite oxidation showed the 
presence of 92.5% of the original carbo-
hydrate, while anthrone gave a recovery 
figure of 92.1%, indicating that 7-8% of the 
carbohydrate was decomposed during the 
treatment with acid. 
Estimation of the carbohydrates not pre-
cipitated by iodine from solutions of the dis-
persing agents.—A sample of Carlsberg malt 
(Malt I, 0•2 g.; see Table I) was extracted 
with perchloric acid as described above. 
The perchioric acid solution was made up to 
500 c.c. and a portion (100 c.c.) was treated 
with iodine and salt as above to precipitate 
the starch, which was removed on Whatman 
No. 541 paper and washed with alcoholic salt 
solution. The combined filtrate and wash-
ings were treated with sodium thiosuiphate 
to remove free iodine, and the solution was 
freed from salts by passage through the ion-
exchange resins Amberlite 1R120 and Amber-
lite IR413. The neutral effluent from the 
resins was concentrated to small bulk in a 
vacuum. It gave no coloration with iodine-
potassium iodide reagent and therefore con-
tained no starch. Hydrolysis of the con-
centrate with 05-N sulphuric acid, neutral-
ization with barium carbonate and chroma-
tographic examination12 ,22 of the concen-
trated neutral solution, revealed the presence 
of glucose, arabinose and xylose (2.44, 075, 
and 0.45% respectively of the dry weight of 
malt). 
Similar treatment of the solutions obtained 
from the precipitation with iodine of extracts 
of Carlsberg malt (Malt 2, Table I), prepared 
with the aid of sodium hydroxide and forma-
mide, also revealed the presence of poly-
saccharides containing glucose, arabinose, 
and xylose. On the other hand no carbo-
hydrate was detected in chloral extracts of 
Carlsberg malt after removal of starch with 
iodine, indicating that this extractant is 
selective for starch. 
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Previous studies in this series on the variation of the amounts and nature of the 
carbohydrates of barley during malting were limited to the variety Plumage-Archer, 
grown during one season (0950). A similar series of analyses of a Carlsberg barley 
of the 0953 crop and the derived green and kilned malt has now been made. Certain 
analytical improvements have been incorporated, particularly in the determination 
of starch. It is found that, during malting, not only the quantity of starch changes 
but also its composition as shown by an overall increase in the capacity to combine 
with iodine. The results of the present investigation are in general agreement with 
those of the earlier work, but more detailed information is presented on changes 
during steeping and kilning. Moreover, in the present case, the changes have been 
followed in the whole of the carbohydrates which finally contribute to brewer's 
extract on mashing. By comparing the composition of the malt with that of the 
corresponding wort, it is found that almost the whole of the potentially available 
elztract of the grain is, in fact, utilized during mashing. 
INTRODUCTION 
AMONG recent examinations of the carbo-
hydrates of barleys and malts, 4 '6 ' 7 'j2 MacLeod, 
Travis & Wreay 12 and Harris & MacWilliam6 ' 
have employed methods based on paper 
chromatography to study the variation of 
the free sugars of barley during malting. 
The last-named workers also investigated 
aspects of the malting behaviour of the 
polysaccharides, including starch. Still more 
recent studies6 ,14  have shown that certain of 
the quoted results were low owing to de-
composition of starch and fructosans caused 
by acid in the analytical procedure. Thus, 
the figures for starch previously reported4 ,6 ,7 
proved to be 7-8% lower than those found by 
means of the improved techniques which 
have now been introduced into the present 
work. It is interesting to note that Luff 11 
from his earlier analyses of barley and malt 
was unable to account for ca. 7-8% by weight 
of barley, and it would appear that his use 
of acid in the estimation of starch may have 
led to this discrepancy. Further, it has been 
shown by Wylam18 that as much as 30% of 
the fructosan of grasses is destroyed by even 
mild acid hydrolysis, and it has now been 
demonstrated that the fructosan of barley 
and malt is decomposed to the same extent 
under these conditions. The fructosan figures 
quoted below have therefore been obtained 
by correcting for this amount of decomposi-
tion. These corrections for starch and fruc-
tosan do not affect the validity of the com-
parisons drawn between barleys and malts 
in previous publications, 4 ' 8 but are of obvious 
importance in comparing the analyses of 
malts with those of the derived worts accord-
ing to the method recently proposed. 4 This 
point is considered in detail later. 
The previous detailed study in these 
laboratories used Plumage-Archer barley of 
the 1951 crop whereas that investigated 
by MacLeod et al. was of the variety Ymer 
(1951). The general trends of the changes 
of the free sugars of these two varieties were 
similar but there were sufficient differences of 
detail to warrant a more general investigation 
of the free sugars of various barleys of 
different years in order to elucidate how the 
whole of the carbohydrate of various barleys 
is mobilized in malting for the production of 
brewer's extract. The newer method of 
analysis has therefore been applied to a more 
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extended study of a Carlsberg barley of the 
1953 crop, which had previously been partly 
investigated 7 by the earlier methods. Taking 
into account the earlier results, a much more 
complete history of the carbohydrates of the 
grain as a whole from the time of ripening of 
the barley to the time of mashing its malt 
has now emerged. 
EXPERIMENTAL AND DISCUSSION 
Variation of the carbohydrates during 
malting.—The conventional analyses of the 
barley and malt are recorded in Table I, 
whilst the analyses for carbohydrates of all 
samples of grain taken during the steeping 
and growth of the barley on the malting floor 
and during the kilning of the malt are collated 
in Table II. The general experimental pro-
cedure described previously 6 ' 7 was employed. 
As before, the sugars other than starch were 
analysed in two groups, one soluble in aq. 
ethanol and the other soluble only in water at 
400 C. The amounts of the corresponding 
polysaccharides in each group were com-
bined for the present purposes to give the 
values shown in Table II. As the results are 
expressed as g. of carbohydrate per 1,000 
corns, the figures represent the actual changes 
within the grains. It will be seen that three 
sa7nples, S1-S3, were collected and analysed 
c daily intervals during steeping and four 
/samples, K1-K4, during kilning. These last 
' samples were collected and analysed 
their rootlets still attached. The -farther 
sample, KS, was derived from another batch 
of the binned bulk malt, which had been 
cleaned and which was one year old at the 
time of analysis. The results of the analysis 
of this sample show that it differed con-
siderably in detail from sample K4 but that 
its total carbohydrate content was in fact 
very similar. These results are included here 
because malt K5 was used in the experiments 
on mashing described below. 
Turning to the mono-, di-, and trisac-
charides, the same general pattern is revealed 
for Carlsberg as for Plumage-Archer barley 
and malt. The principal sugars in the barley 
were again sucrose, glucodifructose and 
raffinose, with sucrose predominating. The 
most marked change during malting involved 
the sucrose content of the barley, which after 
a slight fall during the first day of steeping, 
rose steadily throughout the whole period of 
growth of the green malt (F1-F9). During 
kilning, the sucrose content of the malt  
(K1-K4) appeared to decrease a little at first 
but then rose to a maximum after three days 
and fell to its final value at the completion of 
curing (K4). The early increase of sucrose 
in this barley, as compared with its delay 
until the third day of flooring of the Plumage-
Archer previously studied, presumably re-
flects the rapid onset of growth manifested 
by the early development of the rootlets and 
plumule. The metabolism of raffinose and 
glucodifructose did not afford a similar 
reflection of the development of the plant, 
since the disappearance of the sugars was 
complete in neither barley until the second 
day on the floor. It will be noted, however, 
that these sugars did not appear to be con-
sumed appreciably until the grain was 
removed from steep. 
Less than 0.1% by weight of the grain 
consisted of glucose and fructose, and 
maltose occurred only as traces. The quan-
tities of glucose and fructose, like that of 
sucrose, declined during the first day of 
steeping but thereafter increased in parallel 
manner until the second or third day of 
kilning, after which they remained practically 
TABLE I 
ANALYSIS OF A CARLSBERG BARLEY AND MALT OF 
THE 1953 SEASON 
Barley 
Moisture (%) 	.. 	.. 	.. 	.. 	1480 
Nitrogen (%, dry weight) .. .. 1•43 
1,000-corn weight (g.; dry) 	.. 	.. 	3910 
Predicted extract* 	.. 	 .. 	 .. 	 1044 
Malt 
Moisture (%): off kiln 	.. 	 .. 	 .. 1'70 
binned 	.. .. .. 269 
Colour, °Lovibond 	.. 	.. 	.. 50 
Diastatic activity, °Lintner .. .. 280 
Cold-water extract (%) .. 	.. 	.. 187 
Nitrogen (%, dry weight) .. .. 132 
P.S.N. (%, dry weight of malt) 	.. 0490 
Index of protein modification 	.. .. 371 
1,000-corn weight (g.; dry weight) 	.. 3534 
Extract (lb. per Qr.; dry) 	.. .. 1046 
Brewery extract (lb. per Qr.; dry) 	.. 1022 




Grown out 1 
100 
* In calculating predicted extract,' the factor, 
111.5, was used. (Private communication, Mr. 
F. G. Marshall, H. A. & D. Taylor, Sawbridgeworth.) 
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TABLE II 
CHANGES OF THE CARBOHYDRATES OF A CARLSBERG BARLEY DURING MALTING 
(Results expressed as g. per 1,000 corns) 




Si 	S2 	S3 
Steeping 
Fl 	F2 	Fe 	F9 
Flooring 
I 	Xl 	K2 	K3 	K4 
Kilning 
K6 5 
Fructose 	.. 0.027 0012 0027 0042 0100 0097 0.132 0145 0189 0267 0.297 0262 0.194 
Glucose 0.016 0012 0015 0031 0085 0143 0473 0178 0238 0312 0300 0285 0462 
Sucrose .. 0301 0208 0293 0265 0276 0370 0.540 0624 0519 0713 0965 0755 1315 
Maltose - - 0008 0012 0020 0147 0.179 0123 0116 0109 0403 0109 0257 
Maltotriose - - - - - - 0.052 0063 0069 0055 0.055 0059 0148 
Olucodifructose 0033 0040 0043 0047 0029 - - - - - - - - 
Raffinose 0058 0054 0077 0050 0014 - - - - - - - - 
Fructosan 0'226 0584 0459 0370 0401 0410 0621 0842 0752 0494 0477 0.374 0352 
Glucosan 0725 0577 0711 0824 0869 0876 1611 2161 1398 1216 1036 1129 0613 
2374 2472 2448 2506 2463 2443 2206 2070 2095 2065 2090 2150 2079 
0047 0016 0030 0039 0025 0039 0120 0148 0130 0141 0112 0115 0110 
Starch 	..... 
Araban ..... 
Xylan 	..... 0050 0020 0030 0039 0031 0058 0139 0182 0.156 0175 0168 0153 0142 
* Sample from bulk (see text). 
TABLE III 
CHANGES OF THE CARBOHYDRATES OF A CARLSBERG BARLEY DURING MALTING 
(Results expressed as g. of hexose-monosaccharide per 1,000 corns) 




Si 	S2 	S3 
Steeping 
Fl 	F2 	F6 	F9 
Flooring 
Ki 	K2 	KS 	K4 
Kilning 
KS° 
Fructose 0027 0012 0027 0042 0100 0097 0132 0145 0189 0267 0297 0.262 0194 
Glucose 0016 0012 0015 0031 0085 0.143 0173 0.178 0238 0312 0300 0.285 0462 
0317 0219 0308 0279 0291 0389 0.568 0657 0546 0450 1.017 0.795 1384 
Maltese - - 0008 0012 0.027 0.155 0.188 0.130 0122 0115 0.108 0115 0271 
Maltotriose - - - - - - 0056 0.067 0074 0.059 0.059 0063 0159 
Glucodifructose 0035 0043 0.046 0050 0.031 - - - - - - - - 
Rafilnose 0.062 0.058 0082 0054 0015 - - - - - - - - 
Sucrose ...... 
Fructosan 0.251 0649 0510 0411 0445 0455 0.690 0.935 0835 0549 0530 0416 0.391 
Glucosan 0.805 0641 0.790 0.916 0.965 0973 1.790 2401 1551 1351 1151 1.254 0681 
2863 2743 2721 2785 2740 27'10 2452 2300 2325 2300 2320 2390 2310 Starch 	..... 
Total Hexose 301 291 290 296 294 293 281 275 268 264 267 271 266 
Sample from bulk (see text). 
unchanged. Maltose was not detected other 
than in the traces previously noted until the 
second day of steeping but the amount then 
increased rapidly to a maximum only to fall 
subsequently to a constant level during 
kilning. Maltotriose was first noted on the 
second day of flooring, i.e., four days after 
the appearance of maltose, the amount 
rising to a maximum on the first day of 
kilning and thereafter remaining approxi-
mately constant. The formation of both 
maltose and maltotriose in, the malting of the 
Carlsberg barley took place at a considerably 
earlier stage than in that of the Plumage-
Archer sample. Free pentoses are not 
recorded in Table II in view of the small 
quantities present. For instance, only 0.02% 
of the dry weight of grain consisted of 
xylose and arabinose in sample F6, while the 
total amount of these two sugars never 
exceeded Ca. 0.05% 
The variations in the amounts of all the 
polysaccharides of the barley are shown in 
Table II, and generally repeat those noted in 
less detail in the earlier investigations. 
During the early stage of steeping there was 
an initial decline in the total quantity of 
glucosan followed by a gradual increase 
later. This became marked as growth of 
the barley proceeded, so that the glucosan 
reached the high value of 216 g. per 1,000 
corns, corresponding to about 6% by weight 
of the green malt (F9). On kilning, glucosan 
initially diminished rapidly and then more 
slowly until it reached an approximately 
constant level (K3 and K4). 
Fructosan, unlike glucosan, rose sharply 
during the first day of steeping but later fell. 
After removal of the grain from the steep, 
however, the quantity of fructosan again 
increased until the green malt was kilned. 
At this stage the fructosan, like the glucosan, 
diminished in quantity until it reached a 
substantially constant level in samples K2, 
K3 and K4. 
With regard to araban and xylan, during 
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steeping each showed an initial decrease, 
presumably due to loss of soluble hemi-
celluloses into the steeping liquor, but sub-
sequently the quantity of each increased 
until the green malt was kilned, when it 
became constant. Although these general 
trends resemble those noted in the experi-
ment with Plumage-Archer barley, one par-
ticular point of difference is noteworthy. 
Whereas the contents of araban and xylan 
in each of the Plumage-Archer samples taken 
throughout malting were found to be approxi-
mately equal, those of the later samples of 
Carlsberg were found to differ. Thus, in the 
samples F6—K5 the content of araban was on 
average only 75-80% of that of xylan while 
in the samples B—F2 the values for araban 
and xylan were very similar. This suggests 
that arabinose units were preferentially 
removed from the Carlsberg barley gums 
during malting, although they did not 
accumulate as the free sugar. 
The amount of starch in the barley corn 
(Table II) appeared to remain essentially 
constant during the steeping process, but 
began to diminish during the following day 
or two, fell more rapidly as malting pro-
ceeded and became stabilized on kilning. 
The weight of starch per 1,000 corns of the 
steeped barley (S3) was 251 g. and that of 
the green malt (179) was 207 g., so that 44 g. 
was consumed during the flooring period. 
This represents some 18% of the initial 
weight of starch in the barley and is to be 
compared with 18.7% for a Proctor barley 
previously examined,4  150% for a Spratt-
Archer barley,4  and 15.1% for the above-
mentioned Plumage-Archer barley. It is 
mainly this amount of starch which gives 
rise during malting to glucose, maltose, 
maltotriose, the dextrin fraction of glucosan 
and presumably to fructosans and sucrose 
(see below) as well as to volatile respiration 
products. The overall balance of the sugars 
estimated is shown in Table III, where the 
results of the analyses for the total carbo-
hydrates of each sample are given in terms of 
hexose. It will be seen that, during flooring, 
the quantity of starch, expressed as hexose 
per 1,000 corns, diminished by 485 g. while 
the total amount of simpler sugars, com-
prising fructose, glucose, sucrose, maltose, 
maltotriose, fructosan and glucosan, ex-
pressed in the same way, increased by 28 g. 
The net loss of hexose was therefore 205 g. 
or 1•85 g. when calculated as starch or hexo- 
san. At the same time the loss in total dry 
weight per 1,000 corns was ca. 1.8 g. It is not 
possible to establish from the analyses carried 
out what contribution the barley gums or 
hemicelluloses and cell-wall materials make 
to the total amounts of soluble sugars and 
degradation products, as there is presumably 
a continuous solubilization and utilization 
of these materials by the embryo. Other 
experiments to establish this contribution are 
in hand but for the present purpose it is 
sufficient to know the total extractable 
carbohydrate. 
TABLE IV 
BLUE VALUE OF STARCH IN SAMPLES OF A CARLS- 
BERG BARLEY TAKEN DURING STEEPING, FLOORING 
AND KILNING 
I 	Blue value of starch 













It was observed that the starch present at 
successive stages of flooring showed a gradual 
increase in the blue value2 ' 13 given with 
iodine (Table IV). This blue coloration is 
made up of contributions from the amylo-
pectin fraction (blue value ca. 0.1) and the 
amylose fraction (blue value ca. 1.4). The 
increase of blue value during malting is 
therefore susceptible of various explanations. 
Firstly, amylose might be synthesized during 
the germination of barley. Secondly, the 
amylopectin component might be subjected 
during malting to the action of a "debranch-
ing" enzyme able to break the oc-1•6-gluco-
sidic linkages or branch points to yield a 
product with a higher blue value than the 
original material, as demonstrated in potatoes 
by Hobson, Whelan & Peat. 9 The presence 
of this or a related enzyme in malt has been 
shown by Kneen & Spoerl'° (cf. also Witt & 
0h1e17). Thirdly, the amylopectin com-
ponent of the barley starch might be preferen-
tially transformed into soluble products as 
mentioned above, with the residual malt 
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starch containing a higher proportion of 
amylose. 
That the last explanation can account for 
the known facts is indicated by the above 
results taken in conjunction with those of the 
recent work of Hirst & McArthur 8 who have 
shown that the average "chain length," i.e., 
number of glucose units per branching point 
of the amylopectin of malt starch, is only 
17-18 glucose units as compared with 24-25 
glucose units for barley amylopectin. These 
authors have shown further, using a mixture 
of Spratt-Archer and Plumage-Archer barley 
and estimating the amylose content by means 
of potentiometric titration with iodine, 16 that 
the barley starch contained 22.6% whereas 
the malt starch contained 27.8%. If it is 
assumed that the quantitative estimates of 
the starches of Carlsberg barley and malt here 
described are roughly applicable to the 
samples used by Hirst & McArthur, and 
further, that the iodine-binding capacities of 
the amyloses of barley and malt are similar,  
the whole malting process there is a con-
siderable overall formation of soluble fructose 
derivatives, which must find their ultimate 
origin in starch or glucosan. Thus, during 
active growth of the barley on the malting 
floor (S3—F9), the total quantity of fructose, 
both free and combined as fructosan and 
sucrose, is 0816 g. per 1,000 corns. At 
stage S3 the total hexose other than starch 
amounts to 1-75 g., whereas at P9 it amounts 
to 45 g. The fructose produced therefore 
represents ca. 29% of the additional sugar 
resulting from starch break-down. It is 
interesting to note that the corresponding 
figure for the Plumage-Archer malt referred 
to above is also very high at 074 g., or 19% 
of the sugar formed during malting. Pre-
sumably the enzymes responsible for this 
very considerable conversion of glucose 
derivatives into fructose derivatives during 
the flooring period continue their activity 
during part of the kilning process with the 
formation of sucrose previously noted. 
TABLE V 





83 Fl F2 	F6 
Flooring 
F9 Ki K2 	KS 
Kilning 
K4 K50 
Moisture (%) 	.. 
Total 	extract 
1480 41-01 4284 4437 4471 4236 4410 4349 3045 617 	421 236 269 
with ethanol 
and water (%) 347 1160 985 968 1264 1274 2172 2349 2290 21-69 	2175 1987 2209 
1,000 corn weight 
(g.) 	.. 	 .. 3910 3915 3875 387 38•55 389 376 371 3716 - 	 - 3680 3534 
0 Sample from bulk (see text). 
the weights of amylose per 1,000 corns of 
barley and malt are found to be practically 
identical, i.e., 582 g. and 598 g. respectively. 
Again, if reduction of the chain-length of 
amylopectin during malting results finally 
in the formation of soluble products, the loss 
of amylopectin is 24-33% of the original 
amount or 17-22% of the weight of the 
original total barley starch, which compares 
reasonably with 18% found as above. 
Similar figures are found for the other 
barleys and malts which have been studied, 
and it therefore appears that the most sub-
stantial part of the starch transformed 
during malting consists of amylopectin. If 
this is accepted, it would follow that the 
overall increase in blue value of the starch 
of a particular batch of malt over that of the 
original barley reflects one aspect of the 
degree of modification of the malt. 
Reference to Table III shows that during 
The general analyses of all the samples con-
sidered above, including the moisture con-
tents at the time of sampling, together with 
the total ethanol- and water-extracts and 
the 1,000-corn weights, are given in Table V. 
The 1,000-corn weights of all samples F1—K4 
included the weights of the attached rootlets. 
Part of the sample F9, however, was rapidly 
vacuum-dried as soon as it was received and 
the percentage by weight of the rootlets was 
determined by cleaning them off, weighing, 
and determining their moisture content. 
These culms represented 4.85% of the total 
dry weight of the green malt or 4.60% of the 
initial dry weight of the barley. The 1,000-
corn weight of the vacuum-dried grain after 
removal of the rootlets was 3530 g., in good 
agreement with 3534 g. for the sample K5 
which had been kiln-dried. The overall 
malting loss, including loss due to respiration 
and formation of rootlets, was thus 9.7% of 
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the original dry weight of barley. The 1,000-
corn weights were determined on the bulk 
samples by counting and weighing all the 
corns present in the samples and not by weigh-
ing aliquot portions by the usual procedure, 
as the results by the latter method were not 
found to be reproducible. 
Conversion of the carbohydrates of mall on 
mashing.—The methods of analysis described 
in this and the preceding communications  
by a standardized method of infusion 
mashing, of six individual worts (131  gal. or 
59•6 litres) at a specific gravity of Ca. 1045. 
The total carbohydrate present in the wort 
(average of six mashes) and the average 
extract obtained are given in Table VI. 
From these data an expression for the effi-
ciency of the conversion is obtained by calcu-
lating the total wort sugar, expressed as 
hexose, as a percentage of the total malt 
TABLE VI 
ANALYSIS OF WORTS FROM CARLSBERG MALT K5 (TABLES II AND III) 
(Average of results for six worts) 
Specific gravity 	.. 	.. 	.. 1045•39 
Extract (lb. per Qr. dry weight) 	.. 1022 
Extract* (% w/v) 	.. 	.. .. 77.47 
Carbohydrate (% of wort solids*) As found Caic. as hexose 
Glucose + fructose 	.. 	.. 	.. 89 89 
Sucrose 	.. 	.. .. .. 52 55 
Maltose .. .. 	.. 	.. 390 411 
Trisaccharide 	.. .. .. 131 I40 
Tetrasaccharide .. 	.. 	.. 56 61 
Dextrin 	.. .. .. .. 200 222 
Total 	.. 	.. 	.. 918 978 
* As present in the wort, i.e. uncorrected for hydration, and 
calculated by using the solution divisor, 3•93. 
314,5,6,7,14 have made it possible to determine 
with good precision the total soluble carbo-
hydrates of barley and malt. These carbo-
hydrates include (a) simpler sugars and poly-
saccharides soluble in aq. ethanol, (b) more 
complex polysaccharides soluble only in 
water, and (c) starch. Under ideal mashing 
conditions, all of these materials in malt 
would be rendered soluble in the mashing 
liquor to make their contribution to brewer's 
extract. Naturally, it is also possible that 
a further contribution would be made from 
hemicelluloses or cellulose by the action of 
cytase. By comparing the total amount of 
sugars present in the wort 3 ' 4 with that in the 
malt as above, an estimate of the efficiency 
of mashing can be obtained. 
Preliminary assessment by Hall, Harris & 
MacWilliam4 of this efficiency for Proctor 
and Spratt-Archer malts of the 1953 harvest 
gave results somewhat in excess of 100%. 
The analysis of the Carlsberg malt described 
above afforded the opportunity of carrying 
out further determinations. The malt K5 
(20 lb. or 98 kg.) was used for the production,  
carbohydrates calculated on the same basis. 
The latter figures derived from those in 
Table III are shown compared with those for 
the wort in Table VII, from which it will be 
seen that 99.1% of the hexose derivatives in 
malt K5 are utilized during mashing. 
The brewery extract was, on average, 
1022 lb. per Qr. dry malt, corresponding with 
the conversion of 99.1%. It would be 
expected, therefore, that the theoretical 
maximum extract obtainable from this malt 
100 
would be 	x 1022 lb. per Qr. or 1032 lb. 
per Qr. The actual extract obtained in 
laboratory mashes according to the Standard 
Method15 was found to be 1046 lb. per Qr., 
which is in fair agreement with that expected 
in view of the possible cumulative errors 
involved in determination of a number of 
carbohydrates (cf. Halls). It is concluded 
that practically all the available carbohydrate 
of this sample of malt is utilized during mash-
ing in the laboratory and nearly all in the 
brewery, although the possibility remains 
that a small proportion of the extract might 
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TABLE VII 
CONVERSION OF THE CARBOHYDRATES OF CARLSBERG MALT 
(1953) DURING MASHING 
Carbohydrates of malt computed as monosac- 
charide and expressed as % of wort solids (cf. 	Carbohydrates of wort 
Tables II and III) (cf. Table VI) 
Starch 	.. 	.. 	.. 	.. 	.. 8577 Dextrin 	.. 	222 
Glucosan .. .. .. .. .. 249 Maltotetraose.. 61 
Fructosan 	.. 	.. 	.. 	.. 	.. 1-43 
Maltotriose 	.. .. .. .. .. 058 Maltotriose 	.. 	140 
Maltose 	.. 	.. 	.. 	.. 	.. 099. Maltose 	.. 41.1 
Sucrose .. .. .. .. .. 506 Sucrose 5.5 
Glucose 	.. 	.. 	.. 	.. 	.. 169 Glucose 
} 	
89 Fructose .. .. .. .. .. 071 Fructose 
Total 	.. 	 .. 	 . . 987 978 
Percentage conversion of malt hexose to wort hexose 
978 = 	x 100 = 99.1% 
be derived from carbohydrates other than 	3. Hall, R. D., this Journal, 1956, 222. 
those estimated in the malt (Tables II and 4. Hall, R. D., Harris, G., & MacWilliam, I. C., 
III). this Journal, 1954, 464. 
It is felt that the carbohydrate analysis of 	5. Hall, R. D., Harris, G., & MacWilliam, I. C., 
malt coupled with the assessment of Con- Proc. Eur. Brew. Cony., Baden-Baden, 1955, 
version efficiencies as described above will 	6. 
26. 
Harris, G., & MacWilliam, I. C., this Journal, lead to an appreciation of the degree of 1954, 149. 
modification of malts which will be comple- 	7. Harris, G., & MacWilliam, I. C., this Journal, 
mentary to the well-known nitrogen index. 1954, 387. 
At the same time the application of the 	8. Hirst, E. L., & McArthur, W., Annual Report 
general methods of analysis developed to the to Brewing Industry Research Foundation, 
study of the variation of the carbohydrates 1953; this Journal, 1953, 126. 	Cf. Aspinall, 
of diverse barleys during malting will yield 
G. 0., Hirst, H. L., & McArthur, W., J. chem. 
Soc., 1955, 3075. 
information on the degree of regularity of the 	9. Hobson, P. N., Whelan, W. J., & Peat, S., J. 
relationship between the carbohydrate con- chem. Soc., 1951, 1451. 
tents of the corresponding barleys and malts, 	10. Kneen, E., & Spoerl, J. M., Proc. A. M. Amer. 
and hence to a rational prediction of extract Soc. Brew. Chem., 1948, 20. 
from barley analysis. 	 11. Luff, G., Z. ges. Brauw., 1898, 21, 1603. 
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Enzymes of malt which individually bring about the hydrolysis of starch, maltose, 
panose, sucrose, laminarin, cellobiose and adenosine have been partially purified by 
gradient elution from an alumina column with phosphate-citric acid buffer; by this 
means also the fractionation of - and -amylase activities has been achieved. 
Evidence has been obtained for the separation of different enzymes hydrolysing 
laminarin, one functioning by stepwise action leading to the production of glucose 
units and the other by random attack. Additionally, evidence has been obtained for 
the presence of an enzyme which brings about an increase in the iodine-staining 
capacity of starch and for the ability of this enzyme or one associated with it to 
catalyse the fission of ac-I 6-glucosidic linkages. 
INTRODUCTION 
With the notable exception of the amylases, 
scant attention has been paid to the separa-
tion and purification of the enzymes known 
to be present in malted barley. It is 
apparent, however, that the less-studied 
enzymes, e.g., a "limit dextrinase" (Kneen 
& Spoerl"; Witt & Ohle' 9 ; Hopkins & 
Wiener9), a "transglycosylase" (Pan, Nichol-
son & Kolachov' 6), maltase, invertase, 
laminarinase, etc. (see reviews by Luers"; 
Preece17), all play a part in mobilizing the 
carbohydrates of barley during: germination 
(James & James'°; MacLeod, Travis & 
Wreay"; Harris & MacWilliam 0). Accord-
ingly, an investigation into the separation 
and purification of these enzymes has now 
been initiated. 
The investigations of earlier workers have 
shown that adsorption techniques are effective 
in separating enzymes generally (see, e.g., 
the review, by Zittle 21). Thus, the carbo-
hydrases, salicinase and cellobiase of emulsin, 
have been fractionated by 'adsorbing the 
mixture on Brockmann alumina and then 
eluting the individual 'enzymes by means of 
acetate buffer (Zechmeister, Tóth, Furth, & 
Bársony20). An" extension' of this method 
whereby the carbohydrases' of yeast are 
'separated by adsorption ion alumina followed 
by elution with buffer solution' of gradually  
increased pH has recently been described by 
Cook & Phillips. 2 The results achieved 'by 
this method prompted its application in the 
present investigation to the separation. of 
malt enzymes. 
MATERIALS AND METHODS 
Substrates for enzymic activity tests.—
Maltose, soluble starch, ac-methyl glucoside, 
salicin, cellobiose, sucrose and adenosine 
were commercial samples. Laminarin was 
kindly supplied by the Seaweed Research 
Association, Inveresk, Midlothian, and panose 
was prepared by the method described by 
Pan, Nicholson & Kolachov." 
Preparation of a crude malt enzyme con-
centrate.—A commercial malt (200 g.) was 
ground in a Wiley mill (40-mesh screen) and 
the resultant flour stirred with 1% aqueous 
sodium chloride (800 ml.) for 16 hr. at 00  C. 
The 'mixture was centrifuged and the clear 
supernatant liquid was removed, saturated 
with ammonium sulphate and kept overnight. 
The precipitate was separated by centrifuga-
tion and washed with saturated aqueous 
ammonium sulphate. It was re-dissolved 
in water (100 ml.), and the solution was 
dialysed for 48 hr. against running tapwater 
and finally freeze-dried to yield' :a 'bñff-
coloured solid (2g.). ' . 
30 	 MACWILLIAM AND HARRIS: ENZYME FRACTIONATION 	[J. Inst. Brew. 
Fractionation of the crude enzyme concentrate 
(cf. Cook & Phillips2 .)—Brockmann alumina 
was packed in a glass column (12 x 1-8 cm.) 
and washed with a phosphate-citric acid 
buffer solution at pH 40 (Mcllvaine'4) until 
the effluent attained the same pH value. 
A portion of the crude enzyme concentrate 
(100 mg.) was dissolved in the same buffer 
(1 ml.) and the solution was loaded on to the 
alumina column. The enzymes were washed 
into the column with more buffer (15 ml.) 
and their elution was then effected by 
applying a pH gradient. This was achieved 
by slowly dripping 02–M aqueous sodium 
phosphate into stirred phosphate-citric acid 
buffer solution (100 ml., pH 4.0). The 
resultant solution, the pH of which was thus 
continuously changing, was simultaneously 
siphoned to the top of the column so that the 
rate of change of pH was controlled by the 
rate of flow of the buffer solution through the 
column. The eluate was collected infractions 
(4 ml.) the optical density of each of which 
was measured at 280 mji. The readings so 
obtained, necessarily on an arbitrary scale, 
were taken provisionally as a measure of the 
protein contents of the fractions (see Fig. 1). 
Detection and measurement of the enzymic 
activities of the fractions.—Solutions (2%) of 
the various carbohydrate substrates were 
made up in phosphate-citric acid buffer at 
pH 5.9 (Mcllvaine14). In the case of soluble 
starch, however, the concentration was 1%. 
Laminarin dissolved only on heating the 
suspension to 500  C. and the clear solution 
was then maintained at 34° C. (see below). 
Adenosine is insoluble at pH 59 and was 
therefore dissolved in phosphate-citric acid 
buffer at pH 75 which is close to the pH 
optimum of nucleosidase, the particular 
enzyme under examination. Portions (1 ml.) 
of the substrate solutions were maintained 
for different fixed periods of time at 34° C. 
in admixture with aliquot parts (0.2 ml.) of 
each of the individual fractions from the 
column and the digests were examined at 
intervals by means of paper chromatography 
for specific carbohydrates. The chromato-
graphic examination was carried out at room 
temperature by the descending method either 
on Whatinan No. 1 paper using ethyl acetate-
pyridine-water (10 : 4 : 3, v/v) as described 
by Whistler & Hickson, 18 or on Whatman 
No. 4 paper using the solvent, n-propanol-
ethyl acetate-water (7 : 1 : 2, v/v), of Gross 
& Albon.' Sugars were detected on the  
paper chromatograms by the methods of 
Harris & MacWiffiam. 7 
In cases in which starch was used as sub-
strate, the blue coloration given by iodine 
was measured also after the enzymic reaction 
had been allowed to proceed for 30 mm. 
The individual results are plotted as the 
percentage reductions of the initial blue 
value of the starch (Bourne, Haworth, Macey 
& Peat'), and they thus indicate the approxi-
mate comparative enzymic activities of the 
fractions. fl-Amylase activities , of the 
fractions were determined as described 
by Cooper & Pollock,' and expressed in 
terms of mg. of maltose produced by 1 ml. 
of the enzyme fraction during 3 mm. 
RESULTS AND DISCUSSION 
The separation of the proteins of malt, as 
determined by the optical density of the series 
of fractions from an alumina column, is 
shown in Fig. 1. It will be seen that several 
protein fractioris, of which two groups 
(A and B) predominate, were obtained. 
Fraction A, containing material not adsorbed 
at the initial pH value of 40, comprised 
colouring material and carbohydrates (detect-
able by the generation of a blue coloration 
with anthrone-sulphuric acid) as well as 
protein, but showed very little enzymic 
activity. Most of the enzymes under con-
sideration were located in zone B. They 
were only partially adsorbed on alumina at 
the higher pH value (4.9) used successfully 
by Cook & Phiffips 2 for yeast enzymes. 
The results of the chromatographic studies 
of the digests of the various substrates by the 
fractionated malt enzymes are collated in 
Table I. In this Table the symbols + + +, 
++, and + indicate, respectively, that the 
sugars produced by the enzyme were detected 
already after reaction periods of 30 ruin., or 
only after 24 hr. and 72 hr. When only 
very small amounts of these products were 
detected, even after digestion for 72 hr., the 
activity was referred to as weak. It will be 
seen from the Table that only very little 
activity of either maltase or invertase 
appeared in the concentrates examined. 
Furthermore, no evidence of any enzyme 
hydrolysing ac-methyl glucoside or salicin was 
obtained. By contrast, the enzymes which 
catalyse the hydrolysis of starch were present 
in abundance, while those responsible for 
degrading laminann, cellobiose and panose, 




































Fig. 1.—Distribution of protein and amylolytic activities in malt enzyme 
fractions eluted from an alumina column. Optical density at 280m. 
(for protein conc.):Q—O; fl-amylase activity expressed as mg. 
maltose produced from starch per ml. eluate in 3 mm.: - - . 
and percentage loss of blue value of starch after 05 hr. treatment: 
- -. The inset figure shows on an enlarged scale the increase 
in the blue value of starch produced by fractions 13-47. 
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TABLE I 
DISTRIBUTION or ENzYMIc ACTIVITIES OF MALT PROTEIN FRACTIONS ELUTED FROM AN 
ALUMINA COLUMN * 
Fraction number 
Sugars, etc., Enzyme - ---- - ----- 	 - 
Substrate produced indicated 1-13 	15 	17 	19 	21 	23 	25 	27 29 	31 	33 	35 	37 
Maltose Glucose Maltose weak weak 
Sucrose Glucose and Fractions 
Fructose Invertase 5-7 + weak weak 
Cellobiose Glucose Cellobiase + + + + + + + + + + + + + + 
Adenosine Ribose Adenine 
ribosidase - + + + 
Panose Glucose a-1.6-Glucosi- + + + weak 
Maltose dase + + + weak Isosnaltose + + + weak 
Laminarin Glucose 0-1.3-Glucosi- - + + + + + + + + + + - Laminaribiose dases + + + + Oligosaccha- 
rides + ++ ++ ++ 
Starch Maltose + - ++ +.+++++++++±++ Maltotriose a-and 3- +++ +++ +++ Dextrins Amylases +++ +++ 
0+ + + Reaction products detectable in 30 mm.; + + detectable in 24 hr.; + detectable in 72 hr.; "weak" signifies very slight 
action even after 72.hr. 
though less active, were nevertheless demon-
strably present. Fractions having the prop-
erty of reducing the capacity of starch to be 
stained by iodine were observed mainly in zone 
B, and further evidence indicated that more 
than one enzyme was concerned. Thus, the 
quantitative estimation of fl-amylase in the 
various fractions revealed that significant 
amounts were present only in the latter half 
of zone B, namely in fractions 25-35. The 
fractions 27-35 in particular, on reaction 
with starch, led to the production of no 
reducing sugar other than maltose. On the 
other hand, only the earlier-collected 
fractions, 21-25, evinced -amylase activity 
as reflected in their ability to liberate malto-
triose and a series of dextrins in addition to 
maltose. The observation by Cooper & 
Pollock3 that the "fl-amylase" of malt can 
be further differentiated by electrophoresis 
on cellulose suggests that a degree of purifica-
tion of fl-amylase hitherto unobtained may 
well result from a combination of this 
technique with the one now described. 
It is particularly significant that certain 
fractions (13-17) induced an increase in the 
intensity of the coloration yielded by starch 
with iodine, presumably because of the 
presence of an enzyme attacking starch in 
a fundamentally different way from that 
exhibited by - or fl-amylase. This increase 
is indicated in Fig. 1 by means of the inset 
diagram. It may be recalled that Hobson, 
Whelan & Peat 8 demonstrated the presence 
in potatoes and broad beans of an enzyme 
which was characterized by its ability to 
increase the iodine-adsorption value of 
amylopectin and of fl-limit dextrin. This 
enzyme, known as R-enzyme, brings about 
the scission of the oc-1'6-gL7c-idic linkages 
of these two substrates and it is possibl2 that 
the enzyme now observed in malt has a 
similar structural specificity. Whether this 
enzyme is responsible for the limit dextrinase 
activity reported by several workers (Kneen 
& Spoerl11 ; Witt & Ohle' 9 ; Hopkins & 
Wiener9) is not yet clear, and experiments 
are therefore in hand in the hope of 
establishing this point. That the enzyme 
or one closely associated with it does 
cause the hydrolysis of the 16--glucosidic 
bond was apparent from the fact that 
treatment of panose (4-0-[-6-0-(0C-D-gluco-
pyranosyl) - cc - D - glucopyranosyl] - cc - D - 
glucopyranose) with fractions 15-21 led to 
the production of both maltose and glucose. 
This panose-splitting enzyme did not appear 
to be entirely coincident with the activity 
responsible for increasing the iodine-staining 
capacity of starch, but this is possibly due to 
the inclusion of a proportion of oc-amylase in 
fractions 17-21 which would result in an 
increase in blue value brought about by the 
R-enzyme being masked by the decrease 
caused by the amylase. Incubation of the 
fractions containing the enzyme with a 
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mixture of glucose-1-phosphate and malto-
tetraose failed to produce any material 
yielding a coloration with iodine, thus 
indicating that the increase in the blue value 
of starch is not due to the action of phosphory-
lase. The value of the present fractionation 
is particularly obvious in the high degree of 
concentration of the enzyme responsible for 
splitting panose. In this case a considerable 
proportion of the activity is confined to 
fractions 15-17, which are conspicuous by 
their low protein content as measured by 
optical density and by the fact that they 
are essentially free from oc-and fl-amylase. 
Chromatographic analysis of the enzymic 
digests of laminarin confirmed that enzymes 
which attack this substrate are present in 
malt (cf. Dillon & O'Colla4). In the present 
instance, the activity is found in the same 
fractions as the amylases, but as with these 
latter, two types of enzyme were apparent. 
Thus, fractions 19-23 yielded with laminarin 
a range of products of which the simplest 
were glucose and laminaribiose, indicating 
that the attack on laminarin had been made 
by an enzyme with a mode of action analogous 
to that of oc-amylase. On the other hand, 
fractions 25-27 afforded glucose as the sole 
product, showing that the initial substrate 
had been hydrolysed in stepwise fashion by 
an enzyme analogous to glucamylase or 
-amylase. That this production of glucose 
was not solely the result of hydrolysis by 
a non-specific glucosidase was shown by the 
fact that none of the fractions exhibited any 
activity towards salicin. Finally, it will be 
observed that the laminarinase activity was 
partially separated from cellobiase activity 
which was itself found in fractions 25-37. 
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Examination of the carbohydrates of Carlsberg and Spratt-Archer barleys from 
the time of ear emergence to the period of full maturity of the grain revealed very 
similar patterns of behaviour during ripening. Thus, increases in the amounts of 
glucose and fructose present in individual corns just after ear-formation preceded 
large temporary rises in the quantities of sucrose and fructosans. On the other 
hand, raffinose was not observed in the grain until the bulk of the synthesis of other 
carbohydrates was complete. The amounts of sucrose and fructosans Dater dimin-
ished as starch was synthesized, although the two processes were not necessarily 
interdependent. Dt is particularly noteworthy that, during the early phases of 
starch formation, the ratio of amylose to amylopectin in the total starch was lower 
than in the mature grain. The major part of the starch was synthesized during a 
period of 4-6 weeks after ear emergence. Among other changes, the total nitrogen 
content increased steadily over the 7 weeks after ear emergence, after which protein 
synthesis ceased. Simpler nitrogen compounds, soluble in aqueous ethanol, reached 
a maximum value after 5-6 weeks while the amino acids attained a transient peak 
value after 2-4 weeks, thereafter declining as more complex materials were 
synthesized. 
INTRODUCTION AND DISCUSSION 
Garbo hydrates.—M any of the Changes 
occurring during the earlier stages of ripening 
of barley have been studied by Archbold' in 
particular relation to the development of the 
whole plant, and in Part 1113  of this series 
minor changes in various carbohydrates of  
barley grains during the later phases of 
ripening were outlined. The present investi-
gation supplements these earlier studies by 
detailing the development of individual 
fractions of the carbohydrates of the grain 
over the whole period of ripening. 
To this end, samples of both Carlsberg and 
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Spratt-Archer barleys were taken from the 
field at ten weekly intervals following ear-
formation (approximately 20th June, 1954) 
up to the time of harvesting (end of August 
to the beginning of September, 1954). 
Further samples were taken after harvesting 
(No. 11) and after drying (No. 12). Each 
was cleaned, boiled with 80% ethanol and 
the sugars present in the alcoholic extract 
examined as described earlier 13 ' 14. A large 
part of the material so extracted is composed 
of carbohydrates, the proportion remaining 
approximately constant even though the 
total extract changes considerably during 
the growth of the grain. The remainder of 
the ethanolic extract consists principally 
of organic acids.' Glucose, fructose, sucrose, 
maltose, glucodifructose' 7 and raffinose were 
separated directly by means of paper chrom-
atography and determined individually. More 
complex saccharides were estimated by 
measuring the monosaccharides present after 
hydrolysis of the whole mixture with dilute 
sulphuric acid and allowing for the mono-
saccharides arising from the above-men-
tioned simpler sugars. In view of earlier 
TABLE I 
TOTAL ANALYsIs OF CARLSBERG BARLEY (1954) DURING RIPENING 
(Results expressed as percentage of dry weight of grain; see Fig. 1 for key to sample numbers) 
Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 
Starch .. 	.. 24 61 197 391 573 623 638 655 64'0 649 659 653 
Fructosan .. 2'6 4.4 7.3 - 21 25 11 13 09 1'2 11 09 
Glucosan 	.. 14 39 10 1'6 10 14 40 14 1'0 36 16 06 
Total 
polysaccharide 64 144 280 419 604 662 689 682 659 697 68'6 668 
Alcoholic 
extract 	. . 276 380 312 307 1,14 8'9 82 55 67 60 58 5.3 
Residual fibre 624 438 37'1 227 182 159 178 134 112 123 117 113 
Total 	. . 	 .. 964 962 963 953 900 930 949 871 838 880 861 834 
(a) Carlsberg 	 .1  (b) Spratt-Archer 
30 	 30- 
.1 j_ 
I 	2 	3 4 	5 6 7 	8 	9 10 II 12 	 I 	2 	3 4 	5 	6 7 	8 	9 10 II 12 
I 	I 	 I 	' 	 I 	 I 
	
Sample No. Sample No. I I 	I 	 I 	I 	I 	I 
24 29 6 13 20 27 3 10 17 24 28 27 	 24 29 	13 20 27 3 10 17 24 3 27 
June 	July 	 Aug. 	Sept. 	 June 	July 	 Aug. 	Sept. 
Fig. 1.—Changes in 1,000-corn weight, moisture content, protein content and ethanol extract 
of barleys during ripening. 
1,000-Corn weight (g.) 	 Protein (%) 
80% Ethanol extract (%) -.-.-.-.-.- Moisture (% x 0.25). 
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findings,12 the results for fructosan deter-
mined in this way were corrected to allow 
for the decomposition (30%) of the fructose 
produced. The validity of this correction 
was checked from time to time against the 
fructose content as estimated by means of 
the acid-resorcinol reagent. 2 The starch in 
the grain remaining after extracting alcohol-
soluble sugars was estimated directly by 
extracting it with aqueous perchioric acid 
and allowing it to react with the anthrone-
sulphuric acid reagent as described in Part 
IV.20 Total glucosan and fructosan in the 
perchloric acid extract were determined by 
means of the anthrone-sulphuric acid re-
agent and the acid-resorcinol reagent 
respectively. 
The general progress of development of 
the barley examined is'shown in Fig. 1 (a) 
and (b) and Fig. 2 (a) and (b). In Fig. 1, the 
1,000-corn weights, moisture-contents, "pro-
tein contents" (N x 6.25) and quantities of 
80% ethanol extracts are shown as per-
centages of the dry weight, whereas in Fig. 2 
the two last amounts are computed on the 
basis of 1,000 corns. Inspection of Fig. 1 
shows that the grains of each variety had 
attained their maximum dry weight seven 
TABLE II 
TOTAL ANALYSIS OF SPRATT-ARCHER BARLEY (1954) DURING RIPENING 
(Results expressed as percentage of dry weight of grain; see Fig. 1 for key to sample numbers) 
Sample No. 1 2 3 4 5 6 7 8 9 10 11 12 
Starch 	.. 2•2 24 59 372 54.4 605 630 660 669 640 652 655 
Fructosan 	.. 16 23 52 27 22 22 1.1 1.0 09 09 08 09 
Glucosan .. 31 30 23 3.3 21 06 49 1-4 16 51 02 1-4 
Total 
polysaccharide 69 77 134 432 587 3.3 690 684 694 700 662 678 
Alcoholic 
extract 	.. 238 30.9 402 279 144 112 85 61 5.4 5.5 5.3 5.5 
Residual fibre.. 653 588 430 241 168 161 15.5 138 114 119 124 115 
Total 	.. .. 960 974 966 952 899 906 930 883 862 874 839 848 



















1012 	 2 	4 	6 	8 	I,; 	11 
Sample No. (cf. Fig. I.) 
Fig. 2.—Changes in weights of total protein, alcohol-soluble protein and total alcoholic extract 
in 1,000 corns of ripening barleys. 
Total protein (x 0.25) 	 - 	Alcoholic extract (x 0.1) 
Alcohol-soluble protein (x 0.5). 
1-4[ (a) Carlsberg 
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weeks after the commencement of develop-
ment and that the synthesis of protein 
(Fig. 2 (a) and (b)) was complete after 7-9 
weeks had elapsed. It should be mentioned 
at this point that the apparent irregularities 
in the amounts of various components of the 
grain, e.g., starch and protein, in samples 
10 and 11 (Figs. 2 and 4) are largely due to 
variations in the 1,000-corn weights of the 
samples and not to variations in the per-
centages of the constituents of the grains 
(cf. Tables I and II). The total of the 
simpler constituents of the grains, i.e., those 
The detailed compositions with respect 
to the sugars individually determined in the 
ethanolic extracts of the various samples 
are shown in Fig. 3 (a) and (b), the results 
of the analyses being expressed as the 
amount of sugar per 1,000 corns (41-6 ears). 
Sucrose and glucodifructose, the principal 
sugars in the extracts from the earlier 
samples, were accompanied by lesser quan-
tities of fructose, glucose and maltose. It is 
thus apparent that glucodifructose, first 
observed by MacLeod" and later by Harris 
& MacWilliam14 in mature barley and malt, 
soluble in 80% ethanol, reached a maximum 
value, calculated as a percentage of the dry 
weight (Fig. 1 (a) and (b)), after two or three 
weeks. However, when account is taken of 
the increase in the weight of the grain itself, it 
will be seen (Fig. 2 (a) and (b)) that the 
alcohol-soluble part of the individual grains 
was at a maximum four weeks after develop-
ment began, thereafter declining to a value 
which remained fairly constant after 8 weeks. 
The alcohol-soluble nitrogenous compounds 
reached their maximum only after 5-6 weeks 
(Fig. 2) and then declined during a further 
2-3 weeks to a subsequently steady value. 
The bulk of the nitrogen compounds was 
insoluble in 80% ethanol and presumably 
therefore consisted of complex polypeptides 
or proteins. 
is present in the barley grains from an early 
stage. As in the mature barley and malt, 
glucodifructose is associated in the alcoholic 
extracts with a series of fructosans which 
occupy positions on paper chromatograms 
ranging from that taken. up by glucodi-
fructose to the origin. The amounts both 
of the fructosans and the corresponding 
glucosans and galactans are given in Fig. 
3 (a) and (b). It will be seen that the 
development of the fructosans does not 
parallel that of either glucodifructose or of 
sucrose, a fact which suggests that the 
polysaccharides do not constitute a single 
series derived exclusively from one of these 
simpler carbohydrates. The actual chrom-
atographic patterns were compatible with 
the occurrence of several series of fructosans 
Ik 	 A.-k.- 
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in barley and in this connection it may be 
recalled that White & Secor 27 demonstrated 
the presence in wheat flour of two homo-
logous series of glucofructosans, some of the 
components of which appear to be identical 
with certain polysaccharides formed by the 
action of invertase on sucrose. Raffinose 
could not be detected until several weeks 
had elapsed, and reached a maximum value 
only after nine weeks. As the bulk of this 
sugar is present in the embryo of the seed' 8 
grain by 80% ethanol decreases from the 
fourth week to about the eighth week after 
ear formation, the starch content of the grain 
increases rapidly until about the seventh 
week to a value approximately two-thirds 
of the dry weight of the grain (Fig. 4 (a) and 
(b); Tables I and II). The starches proved 
to be precipitated completely with iodine 
but, nevertheless, showed varying capacities 
to combine with the halogen as determined 
by their blue values. 8 For instance, reference 
8-Or (a) Carlsberg 
Sample No. 
Fig. 4.—Variation in starch content, fructosan content and blue value of starch of barleys 
during ripening. 
Starch (g. x 025 per 1,000 corns) 
 -- – – Total fructosan (g. per 1,000 corns) 
Fructosan soluble in perchloric acid (g. per 1,000 corns) 
Blue value (x 10). 
it possibly has some special metabolic signifi-
cance. Turning now to the minor com-
ponents of the mixture of alcohol-soluble 
sugars including maltose, glucose and fruc-
tose, it is apparent that these suffer a general 
decline in quantity during the ripening pro-
cess, glucose and fructose reaching the low 
levels of 001-004 g. per 1,000 corns and 
maltose disappearing completely from the 
grain after 9 or 10 weeks. The substantial 
absence of maltose from mature barleys was 
noted earlier.14 ,19 
Whereas the amount extracted from the 
to Fig. 4 (a) and (b) shows that the blue value 
of the starch is about 02 in the earlier samples 
but rises to 036-037 in samples taken after 
the seventh week. Hence it is inferred 
that the ratio of amylose to amylopectin in 
the whole barley starch increases as starch 
deposition proceeds, i.e., that the rate of 
amylopectin synthesis relative to the rate of 
amylose formation is greater in the first few 
weeks. On the assumption that the blue 
values of barley amylopectin and amylose are 
0•05 and 13 respectively, 8 '' the amounts of 
each polysaccharide present were calculated. 
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From Fig. 5, it may be seen that the develop-
ment of the separate starch fractions follows 
a logarithmic form in both barleys, those from 
Carlsberg barley commencing the logarithmic 
phase of their growth a little earlier than those 
of the Spratt-Archer barley. Maywald, 
Christensen & Schoch 22  and MacMasters 
€1 al.7 ' 28  have already observed that im-
mature corns of maize and wheat contain a 
smaller proportion of amylose than mature 
corns and possibly, therefore, this phenom-
enon is a general feature of starch formation, 
at least in cereals. It is generally accepted 
that the synthesis of starch involves an 
initial elaboration by the agency of phos-
phorylase of linear ac-i 4-polyglucose mole-
cules which are then extended by branching 
through the mediation of Qenzym e .6,23,24 It 
would seem that the activity of Q-enzyme is 
high relative to that of P-enzyme in early 
starch formation but declines comparatively 
rapidly later. Whether these differences in 
activity result in the structural differentia-
tion of the starch granules as observed by 
Badenhuizen4  in waxy maize or whether 
individual granules are chemically homo-
geneous, as noted by Badenhuizen & Dutton 5 
for potatoes, but differ from cell to cell, 
remains to be elucidated. 
Reverting to Fig. 4, it is apparent that the 
total fructosan of barley, comprising both 
the fraction soluble in 80% ethanol (Fig. 3) 
and that soluble only in aqueous perchioric 
acid (Tables I and II), climbs to its maximum 
value after three or four weeks and then 
declines to a degree largely consonant, after 
the seventh week, with the fall in the alcohol-
soluble portion (Fig. 3). Between the fourth 
and seventh weeks, however, the rate of fall 
in total fructosan does not parallel that of 
the alcohol-soluble fructosans. Indeed, the 
content of fructosans soluble in perchloric 
acid rises to its maximum value during the 
period when the alcohol-soluble fructosans are 
decreasing, suggesting that the more com-
plex fructosans are built up from the simpler 
ones. On further maturation of the grain, 
both groups of the fructosans are reduced in 
amount, although the proportion of the more 
complex materials remains higher than in 
the earlier samples. 
Nitrogenous constituents.—It may be re-
called that the total amount of nitrogen per 
corn reached its greatest value only after 
seven weeks (Fig. 2 (a) and (b)), being 
paralleled by the alcohol-insoluble portion. 
The nitrogen content of the corns was initi-
ally about 2% and declined steadily during 
the first four or five weeks of the period 
studied (Tables III and IV). This accords 
with the fact that, during this period, more 
carbohydrate than protein was being laid 













Fig. 5.—Progress of the synthesis of amylose (I) and 
amylopectin (II) in ripening barleys. 
Carlsberg 
Spratt-Archer. 
last columns of Tables III and IV, which 
show that the initial ratio of protein to 
starch (5-6: 1) declines to a constant value 
(012-0•13: 1) in the last eight or nine 
samples. Reindel & Hardt25  have recently 
observed that the percentage of nitrogen in 
Haisa barley is constant during ripening, but 
possibly this conclusion presented itself 
because they studied only changes occurring 
during a period corresponding to the later 
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stages of the present investigation. Reindel 
& Hardt observed also that, over the same 
period, the percentage of formol-nitrogen in 
Haisa barley gradually diminished. In the 
present investigation, the formol-nitrogen as 
such was not determined but a related 
quantity, the amino acid nitrogen, deter-
mined by the van Slyke manometric method 26 
(cf. Davies, Harris & Parsons 9 ' 10), was esti-
mated in the alcoholic extract. This was 
found in conformity with the results of 
Reindel & Hardt to decrease from sample 4 
onward in both the Carlsberg and the Spratt-
Archer barley. In addition, it was observed 
that prior to this decrease the amino acid 
nitrogen reached a maximum value in any 
given number of corns at a period from 2-4 
weeks after ear emergence. The maximum 
in the percentage of amino acid nitrogen as 
distinct from the amount per 1,000 corns 
occurred a week or two earlier (Tables III 
and IV). It should be mentioned here that 
no conclusions regarding the fate of the 
nitrogen compounds in any given number of 
TABLE III 





nitrogen Amino acid 
"Protein" "Protein" compounds (as Amino acid nitrogen 
Nitrogen (Nx6'25; (g. per g. of nitrogen (g. per 
Ratio of 
Sample (% dry % dry 1,000 "protein" per (% dry 1,000 
protein 
No. weight) weight) corns) 1,000 corns) weight) 
corns) to starch 
1 2-18 136 0'58 025 0038 
0016 568 
2 159 9.9 068 0'19 0-106 0'073 
163 
3 146 9-1 105 017 0-053 
0061 046 

















7 1-23 7.7 345 0'18 - 
- 012 
8 1-37 8-6 3-54 010 0.005 
0021 0-13 

















12 137 86 366 013 - - 0•13 
TABLE IV 





nitrogen Amino acid 
"Protein" "Protein" compounds Amino acid nitrogen 
Nitrogen (N x 625; (g. per (g. of nitrogen (g. per Ratio of 
Sample (% dry % dry 1,000 "protein" per (% dry 1,000 corns) 
protein 
to starch 
No. weight) weight) corns) 1,000 corns) weight) 
1 1-77 111 0-38 0064 0-061 
0'021 5-03 
2 155 9'7 040 0-097 0-089 
0-036 403 
3 145 91 0'69 0'16 0113 
0'087 1'54 
4 1-24 78 124 0-22 0'065 0103 
0-21 
5 1-20 7-5 1-77 021 0009 0'020 
0-14 
6 1-27 7.9 254 0'32 0003 0•010 
043 
7 133 8-3 3•08 016 - - 0-13 
8 1-42 89 327 012 0003 
0•010 0-14 















1-25 78 2-71 009 0004 0-015 
0-12 
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corns may be drawn from the work of 
Reindel & Hardt 25 since these authors quote 
only the percentages of nitrogenous fractions 
in the barley without stating the 1,000-corn 
weights of their samples. The uptake of 
simple compounds by the grain presumably 
continues for about 7 weeks as nitrogenous 
compounds are being assimilated throughout 
this period (see Table IV). The fact that 
both the protein content and the amount of 
The amino acid composition of the alcoholic' 
extracts of the individual barley samples was 
ascertained by separating the amino acids by 
means of the ion-exchange resin, Amberlite 
1R120, and chromatographing 'them two-
dimensionally on paper as described by 
Davies, Harris & Parsons. 10 In agreement 
with the findings of Reindel & Hardt, 25 it was 
found that the extracts contained oc-alanine, 
fl-alanine, y-aminobutyric acid, arginine, 
Starch 
Alcohol - sot. 	on sugar 
• 	2Alcohol.sol. sugar 
Sample No. 
Fig. 6.—General development of various constituents of barley grains 
during ripening. 
total alcohol-soluble nitrogenous compounds 
are increasing during this time while the 
amino acid nitrogen is decreasing indicates 
a net turnover of simple to more complex 
nitrogenous materials. In this connection, 
the situation is different from that which 
exists for starch production, a large propor-
tion of which probably is produced de novo 
by photosynthesis in the ear (cf. Archbold'). 
asparagine, aspartic acid, glutamic acid, 
glycine, histidine, isoleucine, leucine, lysine, 
methionine, phenylalanine, pipecolinic acid'°, 
proline, serine, threonine and valine, to-
gether with the unidentified compound Y 
reported earlier. 10 Little variation in the 
composition of the mixture was observed 
from one sample to another, although the 
comparison of chromatograms derived from 
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equal weights of barley showed that their 
intensities varied in conformity with the 
quantitatively determined amino acid nitro-
gen figures. However, it was found that the 
concentrations of fl-alanine, proline and 
leucine more particularly decreased as ripen-
ing progressed. The amount of pipecolinic 
acid decreased gradually throughout the 
period studied, although this amino acid was, 
nevertheless, quite prominent in all samples. 
A consideration of the total materials 
estimated in the earlier individual samples 
(1-7) reveals that the amounts of the alco-
holic extract, the total carbohydrate (starch 
and hexosan) soluble in aqueous perchioric 
acid, and the fibrous material insoluble in 
perchioric acid, together account for well 
over 90% of the weight of the grain. When 
the relevant figures, given in Tables. I and II, 
together with the total quantities of alcohol-
soluble sugars (Fig. 3 (a) and (b)) are 
expressed as weights per 1,000 corns, they 
afford a composite picture (Fig. 6 (a) and 
(b)) of the development of the various 
groups of substances examined. Although 
more than 90% of the weight of the grains 
.was thus recovered in samples 1-7, the 
recoveries in later samples were less, ranging 
from 83-88%. This must be due to the 
accumulation of unspecified "non-hexosans" 
soluble in perchioric acid, presumably con-
sisting of salts, protein and pentosans. It 
has already been shown2° that pentosans are 
dissolved from barley and malt by aqueous 
perchloric acid, and it thus appears that 
these materials reach significant proportions 
in the ripening grain towards the end of 
starch synthesis. 
EXPERIMENTAL 
Preparation of samples.—A known number 
(50-100) of ears of Carlsberg or Spratt-Archer 
barley was taken and the grains were freed of 
awns and spikelets, sieved free of other 
contaminants, weighed and counted. The 
successive samples were all taken from the 
same section of the field. In order to inacti-
vate enzymes, the individual samples of 
grain were boiled under refiux for 3 hr. with 
five parts of ethanol containing an amount 
of water such that the final concentration 
of ethanol in the solution, after allowing for 
the water already present in the grain, was 
about 80%. The grains were filtered off, 
dried in vacuo at 40° C., ground in a 
Wiley mill (20.-mesh screen) and further  
extracted continuously overnight with 80% 
ethanol. The two extracts were combined, 
evaporated in vacuo, and the residue weighed. 
The residual grains were dried as above and 
their moisture content determined by drying 
aliquot portions at 60° C. in vacuo. The 
summed weights of the residual grain and the 
residue from the ethanolic extract were used 
to calculate the weight of 1,000 corns of the 
original grain. For practical considerations 
this procedure was preferred to that in which 
the moisture content of the original weighed 
grain was estimated, because the very high 
moisture contents (ca. 60-70%; cf. Fig. 1) of 
the initial samples made it difficult to 
determine them accurately; the moisture 
content of the vacuum-dried material was 
only 7-10% and was determined with 
adequate precision. 
Estimation of sugars in the - aqueous-ethanol 
extracts.—The residues from the ethanolic 
extracts were redissolved separately in 6-10 
parts of 50% aqueous ethanol and aliquot 
portions (1 or 2 c.c.) were added to weighed 
amounts of ribose (10 or 20 mg. respectively). 
Each solution was then chromatographed 
overnight on paper in the solvent system 
ethyl acetate-pyridine-water (2:1:2, v/v), 
and the separate fructose, glucose, sucrose, 
maltose, glucodifructose and raffinose were 
estimated by comparison with the added 
ribose as described in Part 114  after being 
revealed on control chromatograms by the 
methods described by Harris & MacWiffiam. 1 
Three or four estimations were carried out 
with each solution, the mean results being 
embodied in Figs. 3 (a) and 3 (b). 
In order to estimate collectively those 
sugars present which are more complex than 
rafilnose, aliquot portions (1 or 2 c.c.) of the 
original total extract were evaporated to 
dryness in vacuo and the residues heated 
individually under reflux for 2 hr. with 1-N 
sulphuric acid (25-50 c.c.). After cooling, 
the mixture was neutralized with solid barium 
carbonate, and the barium sulphate and 
excess barium carbonate were filtered off 
and washed with 50% ethanol. The com-
bined filtrate and washings were evaporated 
to dryness in vacuo; the residue was dis-
solved in 50% ethanol (0.5 c.c.), ribose 
(10 or 20 mg.) added and the solution finally 
made up to volume (1 or 2 c.c., respectively). 
The monosaccharides were then chromato-
graphed on paper for 48 hr. in the solvent 
system ethyl acetate-acetic acid-water 
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(3: 1:3, v/v), and individually estimated as 
before. 14 The amounts of the relevant poly-
saccharides were then calculated as hexose, 
C6H,206, after subtracting both the amounts 
of the appropriate monosaccharides present 
in the original solution and those produced 
on hydrolysing the maltose, sucrose, gluco-
difructose and raffinose originally present. 
The results shown in Tables I and II and 
Fig. 6 are given in terms of hexosan 
(C6H10O,), calculated by multiplying the 
monosaccharide figures by 090. It is note-
worthy that only traces of the pentoses, 
arabinose and xylose, were observed in the 
hydrolysates of the alcohol-soluble sugars. 
Extraction and estimation of starch and 
other olysaccharides.—The alcohol-extracted 
grains were finely ground in a Wiley mill 
(80-mesh screen) and an aliquot portion 
(0-2g.) was extracted with aqueous per-
chloric acid as described in Part TV, 20 with 
the exception that no sand was used to aid 
in dissolving the starch. The insoluble 
fibrous material was filtered off from the 
solution on a sintered glass filter (Jena No. 3), 
washed, dried in vacuo and weighed (see 
Tables I and II). The perchloric acid 
extract was made up to 500 c.c. with water 
and its total carbohydrate content deter-
mined by means of the anthrone-sulphuric 
acid reagent (cf. Hall" and MacWilliam, Hall 
& Harris20). An estimate of the total 
fructosan in the solution was made by 
means of the acid-resorcinol reagent des-
cribed by Arni & Percival. 2 The perchioric 
acid solution (2 c.c.) was treated with a 
0.45% solution of resorcinol in water (1 c.c.) 
and the acid reagent (5 c.c.); the latter was 
made up by mixing glycerol (130 g.) with 
water (50 c.c.) and conc. hydrochloric acid 
(100 c.c.) containing 45 mg. of copper sul-
phate pentahydrate. The mixture was 
heated in a boiling-water bath for 12 mm., 
rapidly cooled, and the red colour measured 
in a 1-cm. cell in the Spekker absorptiometer 
against a blank and using the violet filter 
(No. 601). The amount of fructose present 
was calculated by reference to a standard 
curve relating red coloration to fructose con-
centration in the range 002-020 mg. per c.c. 
The results are given in Tables I and II. 
Starch in the perchloric acid solution was 
estimated by mixing an aliquot portion of 
the solution with 20% sodium chloride and 
iodine as described previously. 20 The starch-
iodine precipitate was allowed to settle out  
overnight at 0° C., removed by centrifugation 
and the starch regenerated using alcoholic 
sodium hydroxide and determined by means 
of the anthrone-sulphuric acid reagent.'1 ,20 
The results are given in Tables I and II and 
Figs. 4 and 6. 
Determination of the blue value of starch in 
individual samples.—The blue value of starch 
is defined8 as the reading in the Sekker 
absorptiometer given by a solution of the 
starch (5 mg.) in dilute acid solution (500 c.c.) 
containing 5 c.c. of a 0.2% solution of iodine 
in 2% potassium iodide, when read in 4-cm. 
cells with the red filter (No. 608). For the 
present series of determinations, the weight 
of each sample of grain required to yield 
5 mg. of starch was calculated from the above 
results and this weight or a suitable multiple 
was extracted with aqueous perchloric acid 
as described previously. The starch was 
precipitated with iodine, regenerated as 
before and finally dissolved in the recom-
mended reagent. This procedure was 
adhered to throughout the investigation, 
but it is of interest to note that the results 
did not in any case differ significantly from 
those obtained from the blue coloration given 
directly by the addition of iodine in potassium 
iodide to the perchloric acid solution. Each 
sample of grain was extracted in duplicate 
and each extract was carried through to the 
blue value determination in triplicate. The 
results given (Fig.4) are the means of the six 
readings. - 
Isolation and estimation of amino acids.—
That part of the original alcoholic extract 
remaining from the estimation of simple 
sugars and polysaccharides was diluted with 
water (approx. 50 c.c.) and the mixture clari-
fied by centrifugation. The clear liquid was 
loaded on to a small column (20 x 1 cm.) of 
Aniberlite JR 120 (acid form) and the column 
washed with water until free from sugars. 
The amino acids and concomitant bases were 
then eluted from the resin with 2-N ammonia 
as described by Davies, Harris & Parsons'° 
and the ammoniacal solution was evaporated 
to dryness in vacuo. The residual mixture of 
nitrogenous compounds was weighed and 
then taken up in 50% ethanol (25 c.c.) and 
analysed for its content of amino acid 
nitrogen by means of the van Slyke mano-
metric procedure. 26 The results are given 
in Tables III and IV. 
About 10 drops of the amino acid solution 
were spotted on to Whatman No. 4 paper 
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and chromatographed two-dimensionally in 
the solvent systems (a) butanol-acetic acid-
water (25:6:25, v/v), and (b) ethanol-2-N 
ammonia (9: 1, v/v). The positions occupied 
by the amino acids on paper chromatograms 
prepared in this way are given by Davies, 
Harris & Parsons,'° and the colorations 
yielded by the amino acids with various 
reagents are given by Harris & Pollock. 16 
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STUDIES ON ENZYMES AFFECTING THE FERMENTABILITY OF 
WORT CARBOHYDRATES 
by 
C. HARRIS, I. C. MACWILLIAM AND A. W. PHILLIPS 
Brewing Industry Research Foundation, Nut field, Surrey (England) 
INTRODUCTION AND DISCUSSION 
Until recently, many enzymes which are important in brewing have received com-
paratively little study. New techniques have now made possible the present examina-
tion of certain enzymes of malt and of yeast which contribute to the conversion of malt 
starch into alcohol. 
iVIcU enzymes 
It is well known that starch consists of a mixture of polysaccharides comprising both 
straight-chain and branched components. Studies on the oxidation of malt starch with 
periodate have shown this mixture to contain, on the average, one point of branching 
for every twenty-two glucose units. These branched linkages are resistant to attack 
by a- and /3-amylases and accordingly, digestion of starch with a mixture of these 
enzymes results in the formation, not only of the fermentable sugars, glucose, maltose 
and maltotriose, but necessarily of limit dextrins of branched structure. The suggestion 
made by WHELAN AND ROBERTS' that most limit dextrins contain five or six glucose 
units, together with the results on the degree of branching of starch referred to above, 
makes it possible to calculate that the fermentability of the products formed by the 
exhaustive digestion of malt starch with a- and -amylases, will be of the order of 
(22 - 5)/22 or about 77%. In fact, when malt starch is digested with a malt enzyme 
preparation at the temperature of an infusion mash (65 ° C), the fermentability of the 
products does not depart far from this calculated value. On the other hand, if the 
starch be first gelatinised and then treated with malt enzymes at 400  C, about 96% of 
the starch is converted into fermentable sugars. It follows, therefore, that this high 
proportion in low temperature mashes could only arise through the action of an enzyme 
which is capable of breaking branched linkages and which is active at 400 C but not 
at 6° C. 
Similar considerations led KNEEN AND SPOERL' and HOPKINS AND \VIENER 3 to 
postulate the existence in malt of an enzyme termed "limit dextrinase" and these 
authors independently succeeded in demonstrating the degradation of limit dextrins 
by enzymic malt extracts. In considering the possible mode of action of limit dcx-
trinase, HoPKINs AND WIENER 3  suggested that it may resemble the R-enzyme of 
HOB5ON, WHELAN AND PEAT4  which is reported to be capable of debranching the 
intact amvlopectin molecule, or alternatively that it may be an a-I : 6-glucosidase of 
the type described by CoRI AND LARNER'. 
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The present investigation on the fractionation of malt enzymes was undertaken 
in the hope that those enzymes which are responsible for the fission of branched 
linkages might be purified and characterised. 
In a preliminary communication 6 , it was reported that successive elution of malt 
enzymes from a column of alumina resulted in the detection of an enzyme which 
resembles R-enzyme in that it increases the ability of starch to form a blue complex 
with iodine. It has now been found that this enzyme possesses other features in corn- 
(i) 	(ii) 	(iii) 	(iv) 	(v) 
limit dextrins 
	
inaltotriose 	 0 
maltose 	 9 	0 
glucose 	 c 
Fig. 1. Chromatographic demonstration of the action of limit dextrinase. (i) The products of 
digestion of salivary a-limit dextrins with limit clextrinase. (ii) Salivary a-limit dextrins. (iii) 
.Products of digestion of starch with salivary a-ainvlase. (iv) l-'roducts of digestion of starch with a 
mixture of salivary a-amylase and limit dextrinase. (v) Maltose and maltutriose markers. 
mon with R-enzyme, namely the property of reducing the viscosity of starch solutions 
while additionally increasing the limit to which the polysaccharide is ultimately 
hydrolysed by p-amylase. The malt enzyme differs however from R-enzyme in that 
it is without action on the limit dextrins formed by the action of salivary a-amylase 
on starch. 
In addition we have achieved the separation of limit clextrinase from malt, the 
action of which results in the formation of the fermentable sugars, maltose and malto-
triose (Fig. i.) It has further been observed that this enzyme acts in conjunction with 
salivary a-amylase to bring about almost complete conversion of starch into ferment-
able sugars. On the other hand, the first malt enzyme previously referred to appears 
to have no effect Ofl the degree of hydrolysis of starch by salivary a-amylase (see 
Table I). 
In view of the fact that R-enzyme is reported" 4  to exhibit both limit dextrinase 
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activity and the ability to raise the blue-value of starch, it became desirable to 
investigate the possibility of its being a mixture. A sample was accordingly prepared 
from broad beans, using the procedure described by HOBSON e/ al. 4 , and submitted to 
chromatographic resolution on a column of alumina. This procedure resulted, in fact, 
TABLE I 
EFFECT OF CERTAIN MALT ENZYMES ON THE PRODUCTION OF FERMENTABLE 
SUGARS FROM MALT STARCH BY a-AMYLA5E 
	
u-il ,ni'lase 	 -Amylase + 	 u-il my/use ± 
limO dexrinase mall enzyme * 
Percentage conversion of starch to 
fermentable sugars 	 76.4 	 91.5 	 76.7 
* This enzyme increased the blue-value of starch (see text). 
in demonstrating that two enzymes are present as in malt, one of which hydrolyses 
limit dextrins with the formation of maltose and maltotriose, while the other, which 
exhibits no limit dextrinase activity, increases the blue-value of starch. 
Yeas/ enzymes 
A survey7  carried out in these laboratories has revealed that large differences exist 
between various yeasts in their abilities to utilise the carbohydrates of wort. These 
variations prompted an investigation into the carbohydrase content of certain yeasts, 
particular attention being paid to the mechanism by which maltose and maltotrioe 
are degraded. As a result of these studies it was established" that whereas a single 
enzyme isolated from a strain of brewers' yeast (yeast A) * has the ability to catalyse 
the hydrolysis of both sugars, the corresponding enzyme from other strains fails to 
exhibit this dual activity, being specific for the hydrolysis of maltose. 
The above investigation has now been extended to include a study of the maltose-
degrading property of a superattenuating strain 910 of S. cerevisiae (yeast B)** . 
Although this organism resembles S. diasta/wus" in attacking wort dextrins, its 
ability to degrade these substances is less pronounced than is the case with the latter 
(see Table II). 
Extraction of yeast 13 by methods identical with those used 8 for yeast A, yielded 
a mixture of proteins exhibiting maltose-degrading activity. Analysis of this prepara- 
TABLE II 
EFFECT OF VARIOUS YEASTS ON WORT DEXTRINS 
A 7 . C. YCAo. 	 Type 0/ Organism 	 Residual dextrin 
(as 1 Y, w,v in the beer) 
234 	 Sacc/iai'ouuiyces cerevisiae (Yeast A) 	 3.0 
447 Saccliaroiieyces cerevisicte (Yeast B) 0.4 
361 	 Saccliaromoyces eliaslet/icus 	 0.3 
tion by electrophoresis on cellulose revealed that the constitution of the mixture of 
proteins differed considerably from that of yeast A. In particular, the maltose- 
splitting activity was located in a single zone associated with components of higher 
National Collection of Yeast Cultures No. 234. 
* * National Collection of Yeast Cultures No. 447. 
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Fraction number 
Fig. 3 
Fig. 2. Electrophoresis of proteins of yeasts 
A and B. (i) Proteins of yeast A (see text). 
(ii) Proteins of yeast B. X = Optical den-
sitv at 280 mgi. F = Region containing 
maltose-splitting activity. 
Fig. 3. Fractionation of proteins of yeasts 
A and B by elution from columns of alumi-
na. (i) Proteins (50 mg) of yeast A. (n) Pro-
teins (50 mg) of yeast B. (iii) A mixture of 
equal parts (25 mg) of proteins from yeast 
A and yeast B. X = Optical density at 280 
m. Y = Region containing maltose-split-
ting activity. 
Fig. 4. Action of certain yeast enzymes on 
a-i 4-linked substrates. (i) Action of mal-
tase of yeast A on maltose. (ii) Action of 
"maltase" of yeast B on maltose. (iii) Ac-
tion of maltase of yeast A on wort dextrins. 
(iv) Action of ''maltase" of yeast B on 
wort dextrins. (v) \Vort dextrins. 
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electrophoretic mobility than that of the maltase of yeast strain A (Fig. 2). The 
maltose-degrading enzymes of the two yeasts under examination differed also in their 
behaviour when chromatographed on columns of alumina. Thus, an artificial mixture 
of the two enzymes was completely separated by selective adsorption (Fig. 3). The 
enzymes differed further in that whereas the maltase of yeast A hydrolysed maltose 
and maltotriose only, the enzyme of yeast B catalysed the hydrolysis of most of the 
wort dextrins in addition to the simpler carbohydrates (Fig. 4). 
This finding may well be related to the fact that WINCE AND ROBERTS 12 have 
distinguished four different genes associated with the fermentation of maltose by such 
yeasts. The present contribution affords a chemical basis for such genetical differences. 
EXPERIMENTAL 
Malt enzymes. 
Malt starch. This was prepared by the method described by MACWILLIAM AND 
PERCIVAL' 3 for barley starch. The isolated material gave the following results on 
analysis: starch, (determined by the method of MAC\\TILLIAM , HALL AND HARRIS 14) 
82.7%; moisture, 12.1%; protein, 3.4%; fibre Ga. r.o%.Oxidation with potassium 
metaperiodate 15 revealed that the starch contained one branched linkage for every 
22 glucose units. 
Salivary a-amylase. Saliva, collected by the method of BERNFELD 16, was diluted 
with an equal portion of water and filtered free of insoluble material. The resultant 
stock solution was kept at o° C under toluene as an antiseptic. 
Branched dextrins from starch. Barley starch (20 g), prepared by the method of 
MACWILLIAM AND PERCIVAL 13, was gelatinised by stirring in water (i 1) at 900  C for 
15 minutes. After cooling the solution, salivary amylase (50 ml of the above stock 
solution) was added, the mixture covered with toluene and maintained at 40 ° C for 
48 h. A second portion of amylase solution (25 ml) was then added and the digestion 
was continued for a further 48 h. The solution was then boiled to inactivate enzymes, 
concentrated to small volume (300 ml), filtered and freeze-dried. Portions (ca. 0.3 g) 
of this material were dissolved in water, and the constituent sugars separated by 
chromatography on \Vhatman No. 3  paper sheets using a solvent system composed of 
isopropanol, ethyl acetate, and water (7:1:2 v/v) 17 . That section of each chromatogram 
which contained the carbohydrates moving less slowly than maltotetraose was eluted 
with 50% aqueous ethanol at 70 °C. The combined solution was evaporated in vacuo 
to small volume and freeze-dried (ca. 4 g). The product was not further attacked by 
salivary a-amylase or by purified /3-amylase obtained by the method of MEYER, 
FISCHER AND PlC UFT 18 
Crude enzyme extract from malt. The enzymes were extracted from Beorna malt 
(D.P. 56) by the method previously described 6. The yield of freeze-dried enzyme 
preparation from I kg of malt was about 8 g. 
Determination of the degree of fermentability of enzymic digests of starch. A portion 
(o.o6 ml) of the appropriate inactivated digest was placed on a paper chromatogram 
and the constituent carbohydrates separated and detected as described by MACWILLIAM 
AND HARRIS6' l9  The portion of the chromatogram containing glucose, maltose and 
maltotriose was eluted with water in a single fraction. The remainder of the chromato-
gram was similarly eluted to yield the nonfermentable carbohydrate portion. The 
Re/erences p. 181. 
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carbohydrates in the eluates were then determined with anthrone as described by 
HALL20 . From the results, the percentage of the fermentable sugars, glucose, maltose 
and maltotriose, in the digest was calculated (see text and Table I). 
Fractionation of malt enzymes by gradient elution from alumina. A column of 
Brockmann alumina (i.S >< 12 cm) was activated by washing, first with phosphate-
citric acid buffer solution 2 ' ( 200 ml) at pH 4.0 and then with distilled water (i 1). A 
solution containing malt enzymes (50 mg) in water (i ml) was applied to the column 
and washed in with water (15 ml). Proteins were then eluted from the column by 
application of a concentration gradient produced by continuously adding phosphate_ 
citric acid buffer solution at pH 6.621 to water (ioo ml), which was contained in a 
mixing chamber (cf. PHILLIPS22 ). A closed system was used so that the rate of change 
of concentration of the eluting buffer was controlled by the rate of flow of liquid 
through the column. The eluate was collected in fractions (40 >< 4 ml) and tested for 
activity as follows. 
Determination of blue-values. It was found that certain components of the mixture 
of enzymes had not been adsorbed on the column of alumina and this material was 
found to increase the blue-value 23 of amylopectin from 0.12 to o.16 during 24 h. No 
further increase in blue-value was detected. 
.11easu cement of viscosity. Potato arnylopectin (200 rng) (prepared by the method 
of SCHOCH 24) in water (io ml) was treated with portions (i ml) of the individual 
fractions from the alumina column referred to above. Digestion was continued for 
24 11 at 25 °  C and determinations of viscosity of the resultant solutions were carried out 
using an Ostwald viscorneter at 25 °  C. It was found that the material not adsorbed on 
alumina (see above) reduced the specific viscosity of the solution of amylopectin from 
1.15 to 0.71 relative to a control digest without polysaccharide. 
Effect of separated malt enzymes on the -amvlolysis of amvlo/ectn. Limit /3-dextrin 
(100 mg), prepared by the method of HoesoN, WHELAN AND PEA -1-2 a, was dissolved in 
water (io ml) and treated with a portion (i ml) of each of the fractions from the 
alumina column (see above) in the presence of an excess of /3-amylase. Samples were 
withdrawn at intervals from the solutions and the amount of maltose produced was 
determined by NELsoN's26  modification of the Somogyi method. It was thereby 
ascertained that in conjunction with /3_amy1ase the malt enzyme not adsorbed on 
alumina (see above) converted io% of the dextrin into maltose during 24 It 
Action of separated malt enzymes on a-limit dextrins. Samples of limit dextrins 
(20 mg), prepared by the action of salivary a-amylase on starch, were dissolved in 
buffer solution 2 ' ( 2 ml) at pH 6.6 and each treated with a portion (i ml) of each in-
dividual fraction from the alumina column (see above). After 16 hat 40 ° C the products 
of the enzymic reaction were separated chromatographically. It was found that certain 
components in the mixture of malt enzymes were adsorbed on the column, and were 
subsequently eluted by the concentration gradient, and that part of this eluted 
material (in fractions 14-20) converted the limit dextrins into a mixture of maltose 
and maltotriose (see Fig. i). 
The effect of individual malt enzymes on the a-amylolysis of starch. Malt starch 
(1.15 g) was gelatinised by heating in water (25 ml) for io minutes at go' C. Portions 
(5 ml) of the cooled starch solution were then allowed to react with (i) crude malt 
enzymes (40 mg) in water (2 ml), (ii) salivary a-amylase (2 ml), (iii) salivary a-amlyase 
(2 ml) and a solution (r ml) containing malt limit dextrinase (from alumina column), 
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and (iv) salivary a-amylase (2 ml) and a solution (i ml) of the fraction of the malt 
enzyme mixture not adsorbed on alumina. The enzyme action was allowed to continue 
for 16 h at 40 '  C then, after inactivation of the enzymes by boiling, the proportion of 
fermentable sugars in the solution was determined chromatographically (see INTRODUC-
TION and Table I). 
R-enzyme from broad beans. This was isolated as described by HonsoN, WHELAN 
AND PEAT4 . The yield of R-enzyme from 900 g beans was i.o g. 
Fractionation of R-enzyme by gradient elution from alumina. The procedure was 
identical with that described for malt enzymes. As in the latter case a factor producing 
an increase in the blue-value of starch was not adsorbed on alumina while an enzyme 
active towards limit dextrins was adsorbed and subsequently eluted by a concentra-
tion gradient. 
Yeast enzymes 
Determination of residual carbohydrates in beers produced by various yeasts. Limiting 
attenuation tests were set up using the methods and apparatus described by BISHOP 
AND WHITLEY27 . Residual carbohydrate in the resultant beers was determined by the 
anthrone method 20 (see Table II). 
Preparation of a mixture of wort dextrins. Beer (i I) was concentrated in vacuo to a 
syrup (200 ml) which was poured into ethanol (2 1). The supernatant liquor was 
decanted off and the gummy precipitate dissolved in water (150 ml) to give a brown 
solution from which ionic materials were removed by passage through columns 
>< 20 cm) of ion-exchange resins (Amberlite JR 120 and IR4B). The resultant 
mixture of dextrins was concentrated to a thick syrup and used as substrate in enzymic 
tests described later. 
Preparation of yeast-cell contents. Cells growing actively in hopped wort were 
collected and washed by centrifugation, excess moisture being subsequently removed 
by suction after transfer of the yeast to a Buchner funnel. The cells were then plas-
molysed by stirring with solid ammonium phosphate as recommended by WILLSTATTER 
AND BAMANN 28 . After standing for i h at room temperature the whole mixture was 
dialysed against running water for 24 h; cell debris was then removed from the un-
dialysable material by centrifugation and the supernatant liquid was freeze-dried. 
The dry product was found to be entirely stable if stored in the presence of phosphorus 
pentoxide. 
Tests for enzymic activity. In these experiments fractions were mixed with the 
appropriate substrate at pH 6.5 and 30 ° C and the mixture allowed to stand for 5  h. 
The products of the reaction were then detected after chromatographic separation. 
Electrophoresis on columns. The apparatus, method and conditions were those 
described by Coon AND PHILLIPS. 
Adsorption of yeast enzymes on alumina (cf. Coon AND PHILLIPS'). Yeast protein 
(50mg), prepared as above, was dissolved in phosphate—citric acid buffer sol ution2l 
(5 ml) at pH 4.9, and the solution applied to a column (1.8 >< 12 cm) of Brockmann 
alumina which had previously been washed with buffer solution (200 ml) at pH 4.9. 
The material not adsorbed was washed through the column with a further volume 
(30 ml) of buffer solution, the effluent being collected for convenience in a fraction 
collector. Adsorbed materials were recovered from the column by application of a pH 
gradient produced by the continuous addition of a 0.02 1W solution of sodium phos- 
Re/erences p. 181. 
i8o 	 G. HARRIS, I. C. MACWILLIAM, A. W. PHILLIPS 
phate to phosphate-citric acid buffer solution at pH 4.9 (ioo ml) contained in a 
mixing chamber as previously described. 
The eluate was collected in fractions (4 ml), the optical density of each being 
determined at 280 mc by means of a Huger Uvispek and taken as a measure of 
protein content. Enzymic activity was detected in these fractions by the methods 
already described (Fig. 3). 
SUMMARY 
i'Ialt enzymes. Fractionation of malt proteins by elution from columns of alumina h s resulted in 
the detection and purification of a heat-labile enzyme which breaks the a-i :6-linkag:s of a-limit 
dextrins. This enzyme is responsible for the formation of high yields of fermentable ugars in low-
temperature mashes. Another enzyme obtained from malt increases the ability of arch to form 
a blue complex with iodine but has little influence on the conversion of starch into fermentable 
sugars. Studies on the debranching factor of the broad bean (R-enzyme) have revealed this 
material to be a mixture of enzymes, two components of which resemble closely the malt enzymes 
referred to above. 
Yeast enzymes. Electrophoresis on cellulose and elution from columns of alumina of extracts 
of a superattenuating strain of S. cerevisiae have shown that its maltose-degrading enzyme is 
separable from that found in brewing strains of the same species. An additional poifit of difference 
resides in that, whereas the maltose of brewing strains of S. cerevisiae hydrolyses maltose and 
maltotriose only, the corresponding enzyme of the superattenuating strain degrades most of the 
wort dextrins in addition to simpler carbohydrates. 
ETUDES SUR LES ENZYMES QUI AFFECTENT LA FERMENTESCIBILITE 
DES HYDRATES DE CARBONE DU MOOT 
RE SE xIE 
Enzyme do malt. Le fractionnenient des protéines du malt par élntion do colonnes d'oxvde d'alumi-
ni,im la renclu possible do déceler of de purifier ume enzyme thermolabile qui decompose las liens 
a-i :6 des dextrines limite a. Cette enzyme est responsable des hants rendements en sucres fermente-
scibles clans les trempes a basso temperature. Encore tine enzyme du malt facilite la formation dn 
complexe bleu do l'amiclon avec l'iode, mais dIe a pen d'influercce sur la desagrégation de l'amidon 
en sucres fermentescibles. Des etudes snr Ic facteur clébranchant dc la fCve dc morals (enzyme R) 
out montrd que co matérial esr nn mélange d'enzvmes, deux composants duqnel ressemblent 
fortement les enzymes flu malt mentionnées ci-hant. 
Enzymes do in levuve. L'ClectrophorCse stir cellulose et l'Clntion dIe colonnes d'oxvde d'alnmi-
ninm cl'extraits dune souche superattCntiante de S. cei'evlsiae out montrC quo son enzyme cmi 
decompose la maltose est diftérente do cello trouvée clans les souches do brasserie dc la mfinle espCco. 
TI y a encore one difference: tanclis clue la maltose des souches do brasserie de S. cevevisine no 
hydrolyse quo La maltose et la maltotriose, l'enzvme correspondante do la sonche superattenuante 
decompose la majoritC des dextrines du mofit, tout comme les hydrates de carbone moms complexes. 
STUDIEN UBER ENZYME, WELCHE DIE VERGARBARKEIT VON 
WURZEKOHLENHYDRATE BEEINFLUSSEN 
ZTJSAMMENFASSUNG 
Afaizenzynie. Die Fraktionnierung von Malzproteinen mittels Elution aus Tonerdekolonnen ftihrte 
zur Auffindung unci Reinigung cines Hitzeempflndlichen Enzyms, welches a-i : 6-Bmclungen der 
a-Grcnzdextrine abbaut. Dieses Enzym jet yorantwortlich fiir die hohen Ausbenten an vergarbaren 
Zucker in Maischen nicclriger Temperatnr. Ein anderes Enzvm aus clem Malz erhoht die Fahigkeit 
der Starke, einen blauen Jodkoniplex zu bilden, hat abor nur omen geringen Einfluss ant den 
Abbau der Sthrko zu vergLrharen Zucker. Studien fiber don entzweigonden Faktor der Puffbohne 
(R-Enzym) zeigten, doss dieses Material ein Gemisch yon Enzymen darstellt, von welchem zwei 
Komponenton den obengenannten Malzenzymen sehr ahnlich sind. 
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Hefeensyme. Die Elektrophorese auf Zelitilose und die Elution aus Tonerdesäulen von 
Extrakten eines ubervergarenden Stammes der S. cerevisiae haben gezeigt, dass dessen Maltose-
abbauendes Enzym von dem in Brauerei-Stammen derselben Sorte gefundenen verschieden ist. 
Ein zu.sätzlicher Unterschied besteht darin, dass, während die Maltase der Brauerei-Stamme von 
S. cerevisiae led iglich Maltose und Maltotriose hydrolysiert, das ana loge Enzym des ubervergarenden 
Stammes, ausser den einfacheren Kohienhydraten, die moisten Wurzedextrine abbaut. 
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DISCUSSION 
Professor R. H. HOPKINS (Great Britain) remarks that Dr. S. WIENER and he have found that an 
enzyme in aqueous extract of malt can split the branches from fl-limit dextrin. This was done by 
inactivating the a-amylase at pH 3-3.3 in the cold and allowing the residual enzymes to act. The 
relationship of sugar formation to disappearance of iodine coloration pointed to a debranching 
enzyme. Our limit dextrinase appears to act even at pH 3.6 and some of it to Survive mashing at 
65 ° . He asks, whether the enzyme described by Mr. PHILLIPS has these properties. Probably the 
enzyme is only slowly dissolved in water and the insoluble part is thermostable, just as KRINGSTAD 
et at. have found for malt protease. 
The LECTURER: the purified limit dextrinase fractions were not resistant to treatment either 
by acidification or by heating. More impure preparations may exhibit a higher stability. 
Prof. I. A. PREECE (Great Britain) asks the LECTURER, whether he prepares his enzymes 
from green malt, finished malt, or malt extract. He would also like to know what are the relative 
stabilities of these enzymes on the kiln. 
Mr. PHILLIPS replies that the enzymes referred to have been detected in both green malt and 
in finished malt. Commercial malt extracts have not been examined for these enzymes. No 
quantitative results are available regarding the relative stabilities of these enzymes. The amounts 
present in green and kilned malts seemed to be comparable. 
To Dr. J. BLOM (Denmark) one of the most interesting problems is that of the fermentability 
of sugars like maltose and maltotriose etc. It is well-known that all these sugars have identical 
end groups, and on the other hand we have three enzymes that can hydrolyze these sugars. He 
wonders where the difference in the action of these enzymes may lie. He is of the opinion that the 
differences may he due to differences in distribution in space and thus form a problem for stereo-
chemistry. 
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A NOTE ON THE DEVELOPMENT OF THE STARCH. OF 
THE RIPENING BARLEY EAR' 
G. HARRIS AND I. C. MACWILLIAM 
Recent studies on starches taken from wheat (2) and maize (6, 8) 
at different stages of ripening showed that there is an increase both in 
the average size of the granules and in the proportion of amylose in the 
starches as the ear develops. It has now been found that these changes 
are paralleled in barley. 
Barley plants were collected from a selected portion of a field on 
June 24 and at weekly intervals thereafter, and the grains from a 
known number of ears of each sampl6 were freed from awns, spikelets, 
and other contaminating materials.: Enzymes present were inactivated 
by heating the grains under refiux for 3 hours in 80% ethanol, allow-
ance being made for the water present in the added grain. The grains 
were filtered off, ground in a Wiley mill, and extracted exhaustively 
with 80 0/, ethanol in a Soxhlet apparatus. Starch wasthen extracted 
from the ground residue by the method of Pucher, Leavenworth, and 
Vickery (7), using perchioric acid. The dissolved starch was precipi-
tated with iodine to free it from contaminating polysaccharid'es, re-
dissolved in dilute alkali, and estimated by means of the anthrone 
reagent using the method of MacWilliam, Hall, and Harris (4). The 
"blue values" of the starches were determined by the method of 
Bourne, Haworth, Macey, and Peat (3), that portion of the above 
alkaline solution calculated to contain 5 mg. of starch being acidified 
and treated with iodine under the stipulated conditions. The values 
obtained for the starches of two different barley varieties are listed in 
Table I. The relative amounts of polysaccharides in the starch samples 
were calculated (Table 11), on the assumption that the blue values of 
barley amylopectin and amylosè are 0.05 and 1.30 respectively (1, 5). 
The results indicate that during the early period of development of 
the grain (samples I to 7) when the major part of the starch is being 
synthesized, the percentage of amylose in the whole starch progressive-
ly increases. This is interpreted to mean that the rate of amylopectin 
synthesis relative to amylose formation is greater in the first few weeks 
than in the subsequent period. It will be observed that the samples 
from both varieties of barley studied show similar trends, although in 
the Carlsberg variety the rapid synthesis of starch commenced a little 
earlier (compare sample 3) than in the Spratt-Archer sample. 
'Manuscript received June 24, - 1957. Contribution from the Brewing Industry Research Foundation, 
Nutfield, Surrey, England. 
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TABLE I 
CHANGES IN THE STARCH OF Two VARIETIES OF BARLEY DURING RIPENING 
STARCH (PERCENT BLUE VALUES AMYLOSE CONTENT OF 
SAMPLE No. IN DRY GRAIN, w/w) OF STARCH STARCH 
(SEE TEXT) 
Carlsberg Sprott-Archer Carlsberg Spratt .Archer Carlsberg Spratt.Archer 
% 
2.4 2.2 0.214 0.227 13.1 14.2 
2 6.1 2.4 0.243 0.236 15.4 14.9 
3 19.1 5.9 0.334 0.271 22.7 17.9 
4 39.1 37.2 0.333 0.371 22.6 25.7 
5 57.3 54.4 0.345 0.354 23.6 24.3 
6 62.3 60.5 0.346 0.351 23.7 24.1 
7 63.8 63.0 0.369 0.367 25.5 25.2 
8 65.5 66.0 0.370 0.368 25.6 25.4 
9 64.0 66.9 0.366 0.367 25.3 25.4 
10 64.9 64.0 0.368 0.371 25.4 25.7 
11 65.9 65.2 0.362 0.372 25.0 25.8 
12 65.3 65.5 0.365 0.376 25.2 26.1 
Attempts were made to separate the starch granules from the 
ground material of samples I to 3 (Table I) by the method of Mac-
William and Percival (5), but the material could not be freed from 
fiber and green-colored material. However, when the fibrous mass was 
stained' with iodine and examined under the microscope, the stained 
granules were found to be considerably smaller than the mature gran-
ules fcfund in samples 7 to 12 (Table I). The average granule size in-
creased progressively in samples 4 to 6. 
These results for barley starch taken in conjunction with those 
obtained earlier for wheat and corn starches indicate that the phe-
nomena of increase (a) in average size of granule and (b) in the propor-
tion of amylose are general features of starch formation in cereals. 
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Heterogeneity of R-Enzyme 
Hobson, .Wh9lan and Peat' showed that B-enzyme 
preparations from broad beans and from potatoes 
brought about the following changes in the properties 
of amylopectin: (a) an increase in the capacity to 
combine with iodine as reflected in the blue value 2 ; 
(b) a reduction in the viscosity of solutions; (e) an 
enhanced susceptibility to 3.amylolysis. Such prep-
arations were also found by 'Whelan et a1.34 to catalyse 
the hydrolysis of the 1 : 6glucosidic bonds of the 
'limit dextrins produced by the action of salivary 
c-amylase on amylopectin. 
Recent separations of the enzymes of malted' 
barley by chromatography on alumina led to the do-
'tection by Harris, MacWilliam and Phillips' of a num-
ber of components of which one, while resombling 
B-enzyme in its attack on amylopectin, differed from 
it in failing to act on the above-mentioned limit 
dextrins. On the other hand, another component 
brought about the rapid hydrolysis of limit dextrins 
in the same manner as the B-enzyme preparations 
studied by Whelan et al.3 ' 4 but, by contrast, was 
without apparent action on amylopectin. 
It has now been shown that when preparations of 
B-enzyme, obtained from broad beans by the method 
of Hobson et al. 1,  are similarly chromatographed on 
alumina, two separate active fractions are obtained. 
As in the case of the enzymes of malt, one component 
attacks amylopeetin with concomitant increase in 
blue value but lacks the ability to cleave limit dextrins, 
while the second fails to affect amylopectin but 
causes rapid hydrolysis of the branched dextrins. 
The separation of two enzymic activities from 
preparations of B-enzyme' proves that the latter is 
itself a mixture. This finding raises the question of 
the nomenclature of the individual enzymes from all 
the sources examined. It seems reasonable to retain 
the term B-enzyme for the component attacking 
amylopoctin, while the second component may well 
be identical with that already termed limit dextrin-
ase° 9. It is perhaps s3lrprising that B-enzyme ' fails 
to attack the c-1 : 6-linkages of limit dextrins, while 
the evidence advanced by Hobson et at.' suggests 
that it can hydrolyse such linkages in the larger 
substrate, amylopectin. Further .investigations to 
elucidate the mode of action of the enzyme are in 
hand. 
I. C. M&cWILLIAM 
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The dextrins of infusion wort were separated into five fractions of increasing 
complexity of structure by successive precipitations by means of acetone and ethanol 
and by dialysis. The first fraction contained dextrins averaging four glucose units 
in chain-length while fraction 2 had an average chain-length of 13 and the less soluble 
fractions were still more complex and were contaminated with pentosans. The 
various groups of dextrins were all hydrolysed to a considerable extent by fl-amylase 
except in the case of fractions 2 and 3 where the degree of degradation was only 
about 20%. These fractions were of highly branched structures as confirmed by 
their yielding much isomaltose on partial hydrolysis with acid. Although the dextrins 
are incompletely degraded by a- and /3-amylase under normal brewing conditions, 
enzyme preparations from moulds and even from malt were able to degrade all 
fractions almost completely under certain circumstances to mono-, di-, and tn-
saccharides. 
The alcohol-soluble carbohydrates from infusion wort contained small amounts 
of isomaltose and panose and the pentoses xylose, arabinose and ribose in addition 
to the major components previously noted. 
INTRODUCTION AND DISCUSSION 
General consideration of wort composition.—
Paper chromatographic methods have led to 
considerable advances in knowledge of the 
carbohydrate composition of wort,8 ,16 ,28 which 
has thus been shown to be fairly regular. 
For instance, the simpler sugars, comprising 
glucose, fructose, sucrose, maltose and malto-
triose, which are fermentable by brewing 
yeasts, 16 ' 32 together account for 70-75% of 
the total carbohydrate. The remaining 
25-30% consists of non-fermentable material 
largely composed of glucose polysaccharides 
together with fructosans and gums. 33 Lack 
of suitable techniques has hitherto precluded 
detailed study of these complex fractions of 
wort, although it has been assumed that they 
resemble the dextrins produced similarly by 
the action of purified a- and /3-amylases on 
various starches. ,R Chromatographic evi-
dence2 . 8 '16  indicates that straight-chain a-
1.4-linked dextrins containing 4-7 glucose  
units are present in wort. These linear sub-
stances were shown by Gj ertsen' to account 
for 5-7% of the total carbohydrate (25-30% 
of the non-fermentable material). They 
were accompanied by glucose condensation 
products which contained glucosidic bonds 
other than cc-1.4-linkages as they were 
incompletely hydrolysed by /3-amylase. 
Such linkages, principally a-i . 6-glucosidic 
bonds, are known to be present in the original 
starch of malt and, indeed, appear in wort 
in the simpler branched carbohydrates iso-
maltose and panose, 9 but the demonstra-
tion,17 ,21  that finished malts contain enzymes 
capable of breaking such bonds prompted a 
re-appraisal of the evidence for their presence 
in the dextrins. This Communication is con-
cerned with the results of a simple fractiona-
tion of the dextrins and other carbohydrates 
of wort, with their general structure, and 
with some aspects of their degradation by 
enzymes from malt and other sources. 
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Fractionation of the carbohydrates of wort.—
As chromatographic methods do not yet 
permit the ready separation of dextrins of 
complexities greater than those of octa- or 
nonasaccharides, recourse was had to pre-
cipitation methods (Fig. 1). An infusion 
wort, prepared from Plumage-Archer malt, 
was first freed from inorganic ions and much 
nitrogenous matter by passages successively 
through the cation-exchange resin Amberlite 
1R120 and the anion-exchange resin Amber-
lite IR4B. A concentrate of the neutral 
effluent was treated with acetone and alcohol 3' 
to yield eventually a precipitate containing 
the bulk of the dextrin and solutions of 
simpler sugars ("sugars 1 and 2"). It is 
noteworthy that, when precipitated with 
acetone, the dextrins were contaminated 
with much fructosan but when alcohol was 
used a large part of the fructosan remained 
soluble. By a combination of precipitations 
with ethanol and dialysis the dextrin was 
separated into five fractions (1-5, Fig. 1) of 
increasing order of average molecular size 
(see below). 
Paper chromatographic examination of the 
solutions of "sugars 1 and 2" revealed that 
they contained, besides the major con-
stituents fructose, glucose, sucrose, maltose, 
and maltotriose, lesser amounts of malto-
tetraose (mostly in "sugars 2"), malto-
pentaose and higher dextrins and traces of 
isomaltose, panose, xylose, arabinose and 
ribose. The presence of the free pentoses is 
noteworthy in that earlier studies on infusion 
worts failed to reveal them, although 
Meredith27 has shown them to account for 
03-25% of the total sugars of decoction 
worts, i.e., 30-250 mg. per 100 ml: The 
amount of free pentose in the infusion wort 
was much less (1.5 mg. per 100 ml.), the 
major part consisting of xylose and arabinose. 
Presumably, the smaller amounts are due to 
the fact that the hemicellulases, the enzymes 
which produce xylose and arabinose from the 
hemicelluloses, are inactivated at the tem-
perature of the infusion mash (see below). 
The smaller quantities of ribose are pre-
sumably also due to the inactivation at 
higher temperatures of mashing 18 of the type 
of ribosidase described by Harris & Mac-
William as producing ribose from the 
purine nucleoside, adenosine. 
Chromatographic examination of the dex-
trin fractions themselves showed that frac-
tion 1 contained carbohydrates which  
occupied positions on the paper chromato-
gram ranging from that of maltotriose to 
the origin. On the other hand, fractions 2-5 
consisted of more complex substances, which 
were quite immobile on chromatograms under 
similar conditions. Nevertheless, the frac-
tions 2-5 were themselves of differing 
complexities as shown by the results of 
estimating their average chain-lengths using 
3 : 5-dinitrosalicylic acid by the method of 
Meyer et al.29 (see Table I). It is of particular 
interest that the dialysable fractions 1 and 2 
had average chain-lengths of 37 and 12-13 
glucose units, respectively, as compared with 
the undialysable fractions 3 and 4 which 
contained 23 and 31 glucose units respec-
tively. Obviously, dialysis affords a useful 
means of separation in this series and the 
results of fractional dialysis (cf. Craig et al.4) 
might well be rewarding. It is of interest 
to note that dialysis resulted in fractionation 
of the polysaccharides with respect to their 
pentose content (cf. Preece). This is illus-
trated by the fact that complete hydrolysis 
of fractions 1-5 by means of acid revealed 
(Table I) that the bulk of the pentosans, 
which liberated xylose and arabinose on 
hydrolysis, resided in the undialysable 
materials, the largest proportion being pre-
sent in the most insoluble fraction (5). The 
fact that quite large amounts of the pentosans 
were detected while only small quantities of 
free pentose were found in the wort shows 
that the further breakdown of the former 
must have been restricted despite the 
presence of the relevant enzymes in the malt. 
Moreover, the fact that the total pentose in 
wort is equivalent to the total quantity 
which is dissolved from the malt by warm 
water in the absence of enzyme action 14 
shows that the activity of enzymes which 
degrade insoluble pentosans is also restricted. 
In this connection it is of interest that Lüers 
and his co-workers 22 have shown that a 
xylanase, which degrades a wood xylan to 
xylose, is present in malt and has an optimum 
temperature of 45° C., but is inactivated at 
temperatures close to those of infusion 
mashing. 
In no case was the specific rotation of any 
fraction as high as might be expected for 
starch dextrins (+180' to 200°), presumably 
because it was depressed by the presence of 
the strongly laevorotatory gums, fructosans 
and hemicelluloses (see Preece). The de-
pression was indeed most marked in those 
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WORT (5.5 litres; S.G. 1040) 
Amberlite 1R120 and 1R4B 
EFFLUENT (total N, 134 g.) 
Conc. to 2 litres. Add 8 litres acetone 
3 	 3 
Solution ('Sugars 1"; 142 g. 	Precipitate 
carbohydrate) 	 Dissolve in water (2 litres) 
3 Add ethanol (9 litres) 
3 
Solution ("Sugars 2"; 	 Precipitate 
313 g. carbohydrate) Dissolve in water (0.5 litre) 
4 Add ethanol (2 litres) 
397 
:ion (C)(23 g. 
carbohydrate) 
Evaporate, store residue 
at 00  C. in ethanol 
(200 ml.) and water 
(300 ml.) 
Solution 	 Precipitate 
Evaporate 	Reject 
Syrup (19.5 g.; total N, 74 mg.) 
Dissolve in water (100 ml.) 
dialyse exhaustively 
Precipitate 
Dissolve in water (05 litre) 
Add ethanol (2 litres) 
entrifuge 	Store at 00 C. in 
Oily suspension Solid (B) 
Solution 	
ethanol (300 ml.) 
and water (700 ml.) 
-i--Solution 	Syrup (B) 	 1 
F Store at 0° C. in 
I ethanol (100 ml.) 
and water (150 ml.) 	I 





Dialysable portion 	Undialysable portion 
(17-6g.; total N, 11-2 mg.) (3.0g.; total N, 25.6mg.) 
FRACTION 1 	 FRACTION 3  
Syrup (34 g.; total N, 76'5 mg.) 
IDissolve in water (250 ml.) 
1,dialyse exhaustively 
	
Dialysable portion 	Undialysable portion 
(4'4 g.; total. N, 3.9 mg.) (25.2g.; total N, 257 mg.) 
FRACTION 2 	FRACTION 4 
Fig. 1 
fractions (3 and 4) containing high propor-
tions of gums (see below and Table I) as 
shown by their pentosan content. 
Whereas complete hydrolysis of the dex-
trins with acid yielded the monosaccharides 
glucose, arabinose and xylose as the main 
products, partial hydrolysis yielded, in addi-
tion, the disaccharide isomaltose. As the 
hydrolysis was effected under conditions 
which precluded reversion of glucose to 
isomaltose (see Thompson et al.), the 
formation of the disaccharide is clear evidence 
of the presence of a-1. 6-glucosidic bonds in 
the original dextrins. Furthermore, the  
amounts of isomaltose yielded by fractions 
2 and 3 were greater than those given by the 
other fractions, thus providing a direct 
correlation between the proportion of ac-i .6-
glucosidic linkages and the resistance of the 
dextrins of wort to degradation by fl-amylase 
(Table II). It cannot be decided at this 
juncture what proportion of the 1. 6-bonds  of 
the original malt starch survives in the wort 
dextrins. However, the fact that the only 
enzyme of malt so far shown to be capable 
of the scission of these bonds (namely limit 
dextrinase17) loses activity in solution in 
water at the temperatures used in infusion 
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TABLE I 
PROPERTIES OF DEXTRIN FRACTIONS OF WORT 
Fraction No.: 
1 2 3 4 5 
Optical 	rotation 	[oc]18 of 	freeze-dried 	solid 
(1% 	in water) .. 	 .. 	 .. 	 .. +129° +122° +52° +109° -* 
Proportions of polysaccharides present (% of 
total polysaccharide in fraction)- 
Glucosan 	.. 	 .. 	 .. 	 .. ca. 100 Ca. 100 807 848 718 
Xylan 	.. 	 .. 	 .. 	 .. 	 .. Trace Trace 9•6 87 12•8 
Araban .. 	 .. 	 .. 	 .. 	 .. Trace Trace 96 65 15•4 
Fructosan .. 	 .. 	 .. 	 .. Trace Trace Trace Trace Trace 
Galactan 	. . 	 .. 	 .. 	 .. - - - Trace - - 
Percentage of total carbohydrate (calc. as 
glucosan, araban, xylan) in freeze-dried 
fraction 	.. 	 .. 	 .. 	 .. 	 .. 87 93 96 98 22 
Average chain-length (number of glucose units) 37 12-13 23 31 —t 
* It was not possible to read the rotation as fraction 5 gave a cloudy colloidal solution. 
t This result was not included as the coloration obtained was not significantly different from the blank. 
mashing, suggests that the proportion is 
considerable and that Barton-Wright's hypo-
thesis2 that most wort dextrins are of linear 
structure is somewhat unlikely. The possi-
bility remains, however, that the enzyme is 
more stable in solution in wort than in the 
water or buffer solutions used in examining 
the effect of temperature on activity. 
TABLE II 
ACTION OF E- AND fl-AMYLASES ON DEXTRIN 
FRACTIONS AT 40° C. 
Percentage of glucose polysaccharide 
in the fraction which is converted into 
fermentable sugar by: 
No. I fl-amylase I -amylase I cc-+ fl-amylases 
1 83•6 705 78•4 
2 216 69•5 709 
3 249 44•0 520 
4 684 707 75•5 
5 70•4 71.5 888 
Enzymic considerations.—The differences 
between the responses of the dextrin fractions 
to GC- and -amylase (Table II) indicate deep-
seated differences in their structures. Fraction 
1 obviously consists of dextrins of largely 
linear character as it is very susceptible to 
the action of fl-amylase, and this character 
is borne out also by its chromatographic  
behaviour (see above). On the other hand, 
as mentioned earlier, the limited action of 
-amylase on fractions 2 and 3 shows that 
these dextrin mixtures are highly branched. 
The fact that -amylase but not -amylase 
can degrade as much as 70% of fraction 2 and 
44% of fraction 3 despite the highly branched 
nature of these fractions is perhaps surprising, 
even though the a-enzyme can in general 
attack starch or large dextrins between 
branching points (see Fig. 2). It should be 
mentioned in this connection that it has not 
proved possible so far to ensure the complete 
removal of limit dextrinase from malt 
oc-amylase preparations, and that some de-
branching of the dextrins may have occurred 
during the period of -amylase action. 
Nevertheless, these findings emphasize the 
incompleteness of attack on starch achieved 
by cc- and fl-amylase in the mash-tun. 
Calculation shows that, of the total carbo-
hydrate of wort, a non-fermentable fraction 
amounting to 10% (some 50% of the dex-
trins) can be degraded to fermentable sugars 
by the action of cc- and -amylase from malt. 
The extra yields of alcohol obtained in fer-
mentations with brewery yeasts in the 
presence of added cc- and -amylase 19 are 
consonant with this fact. Much of the in-
completeness of amylolysis is doubtless due 
to the well-known inactivation of fl-amylase 
during mashing, but it is nevertheless obvious 
Vol. 64, 1958J 	HARRIS AND MACWILLIAM: CARBOHYDRATES OF WORT 	 399 
that ox-amylase action is also restricted. Over 
and above this, amylolysis to simple sugars 
is unavoidably incomplete as - and fl-amy-
lases even in combination are inherently 
incapable of degrading starch completely to 
fermentable sugars 25 ' 31 as is shown by 
fl-amylase. That the breakdown of the 
dextrins is incomplete even by a combination 
of both - and fl-amylases is presumably 
due to the fact that each of these enzymes 
can approach to within only a few glucose 
units from the branching points. The exact 
AMYLOPECTIN 
r 






Maltose Limit dextrinase 	 + 
Maltotriose 	+ 
Points of attack by o.amyJase 	 - 14 .glucosidic linkages 
Points of attack by A .amylase 	 - 16 -glucosidic linkages 
Fig. 2.—Diagrammatic representation of the degradation of starch components by malt enzymes. 
reference to Fig. 2. It will be seen that 
fl-amylase cannot penetrate the amylopectin 
component of starch beyond the branching 
(x-1. 6-glucosidic bonds, although it can attack 
amylose completely in conjunction with the 
Z enzyme. 25 ot-Amylase can rapidly attack 
both amylose and amylopectin in random 
manner to produce dextrins, some of which 
can again be degraded either by ct- or by 
distances for malt ct- and fl-amylase are not 
known but the assumption has been made" 
that they are like those for salivary ot-amylase 
and soya bean fl-amylase, 25 respectively. 
The residual dextrins produced by exhaustive 
amylolysis of malt starch, which thus repre-
sent about 20-23% of the initial weight, have 
been shown17 to be attacked at 40° C. by the 
malt enzyme, limit dcxtrinase, with the result 
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that under these conditions 90-100% of the 
carbohydrates of wort are made available 
as fermentable sugar. This enzyme must 
attack the 1.6-linkages since it yields in 
conjunction with cc-amylase only maltose 
and - maltotriose. It is pertinent to observe 
also that limit dextrinase preparations have 
been found to attack panose to liberate 
maltose and glucose (Table III), but it is 
Considering other properties of the mixture 
of enzymes from malt (Table III), it was 
found that sucrose was hydrolysed especially 
readily at 40° C. and scarcely at all at 60° C. 
in accord with the finding12 that the sucrose 
of malt is for practical purposes unattacked 
during mashing. In contrast, cellobiose and 
laminarin, which may be regarded as model 
substances for the hemicelluloses of malt 
TABLE III 
ACTION OF MALT ENZYMES ON CERTAIN SUBSTRATES 
Substrate Products Type of linkage split Enzyme inferred to be active 
Maltose Glucose a-1.4-Glucosidie Maltose or other a-glucosidase 
Sucrose Glucose + fructose 3-Fructofuranosidio Invertase 
Glucose 3-1 . 4-Glucosidic Cellobiase or other 	3-1.4-glucosidase 
Panose Glucose + maltose a-i. 6-Glucosidic a-1,6-Glucosidase or limit dextrinaee 
Glucose, laminaribiose, etc. t3-1 . 3-Glucosidic Laminaribiase or other 3-1. 3-glucosidase 
Dextrin fractions Glucose, maltose, arabinose, a-l. 4-Glucosidic Amylases, limit dextrinase, endo- and exo- 
Cellobiose 	..... 




uncertain as yet whether or not this action 
is an intrinsic property of the limit dextrinase. 
Clearly the extent of the degradation of 
starch by - and fl-amylases of malt might 
be increased in the mash-tun if the inactiva-
tion of limit dextrinase could be avoided. 21 
It is pertinent to remark that limit dex-
trinase is only one aspect of the enzymic 
activity of malt besides fl-amylase, the 
function of which is inhibited at the tem-
peratures employed in mashing. It was 
found, for example, in the present investi-
gation that it was possible to obtain a con-
centrate of malt enzymes which degraded 
the undialysable fractions of the dextrins 
completely at 40° C. The predominating 
feature of the action of such concentrates 
is the degradation of the polysaccharides to 
glucose, xylose and arabinose in addition 
to maltose, the production of the pentoses 
being due presumably to the action of the 
pentosanase(s) mentioned earlier. While the 
liberation of free glucose may be due largely 
to the normal action of oc-amylase, 31 it is 
probably also in some measure due to 
the action of maltase, which is ordinarily 
destroyed at higher temperatures. The 
feasibility of the latter suggestion was 
demonstrated by allowing the malt-enzyme 
concentrate to act on maltose at various 
temperatures, when it was found that the 
enzyme mixture hydrolysed maltose most 
actively at 40° C. and only feebly at 60° C. 
(see Table III and Lllers 22).  
(cf. Lüers22), were actively degraded by the 
malt-enzymes at 40° C. but still detectably 
at 60° C. It should be mentioned that, 
whereas Kylin reported that malt diastase 
hydrolysed laminarin to glucose but later 
reversed his claim, 20 Dillon & O'Colla6 found 
that malt hydrolysed laminarin but that 
malt diastase and malt extracts failed to do 
so. The latter investigators suggested that 
the enzymes involved were destroyed during 
the working up of malt extracts. The present 
results confirm this view and establish that 
the concentration of the enzymes can be 
achieved. The first action of this enzyme 
at 40° C. results in the production of glucose 
together with laminaribiose and a series of 
oligosaccharides, while prolonged action leads 
to the complete degradation of the inter-
mediate compounds to glucose. Despite the 
inactivation of the enzymes in mashing it 
is important to remember that they are of 
importance in malting and brewing because 
they lead to the breakdown of the hemi-
celluloses30''34 and cell walls22 of barley. 
Before leaving this discussion of enzymes 
which are active at 40° C. but comparatively 
inert at 60° C., it is perhaps relevant to recall 
earlier investigations on the ribosidases of 
malt, which catalyse the formation of ribose 
from the purine nucleosides, 18,2A and the 
peptidases which bring about the formation 
of amino acids from peptides (for review, 
see LUers22). There is no doubt that whereas 
the ribosidases and peptidases are able to 
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exert some action in infusion mashing, even 
though it is less pronounced than under 
decoction conditions, the significance in 
mashing of the non-amylolytic carbohydrases 
mentioned above awaits investigation. 
Taking a wider view of the problem of 
bringing about the hydrolysis of dextrins 
under controlled conditions, it is known that 
starch may be hydrolysed completely by 
enzymes from moulds and other sources 
(see, for example, reference'), and, indeed, 
de Clerck & van Roey 5 have used such an 
enzyme (Mylase P) in the estimation of beer 
dextrins by conversion to glucose. In the 
present work both Mylase P and a mould 
enzyme concentrate isolated from Aspergillus 
foetidus Thom & Raper' were found to bring 
about rapid and complete degradation of the 
dextrins at 40° C., to give glucose and pen-
toses. Incidentally, at 60° C. both enzymes 
were able to degrade the dextrins but not 
the pentosans. 
The fact that the complete or partial 
degradation of wort dextrins can be achieved 
by several sets of enzymes brings a solution 
to attenuation problems in the brewery 
within reach. Indeed, in appropriate circum-
stances the dextrins can be completely 
removed.3 This result can be brought about 
either in mashing or during fermentation 13 
(cf. Phillips32 and Harris, MacWilliam & 
Phillips"). 
EXPERIMENTAL 
Fractionation of carbohydrates of wort 
(Fig. 1).—Hopped wort (5.5 litres; S.G. 
1040.0) after clarification by Sharples centri-
fugation was passed through columns (50 cm. 
x 154 sq. cm.) of the ion-exchange resins, 
Amberlite 1R120 and IR413, to remove salts, 
amino acids and other ionic materials. The 
neutral effluent was concentrated in a 
vacuum to 2 litres and the concentrate 
stirred into acetone (8 litres). The sticky 
precipitate was freed from the bulk of 
supernatant liquid first by decantation and 
finally by centrifugation. Examination by 
the paper chromatographic methods des-
cribed in previous communications14 ,15,23 
showed that the solution ("sugars 1") con-
tained only mono-, di- and trisaccharides 
while the precipitate contained all the 
dextrins in addition. The precipitate was 
taken up in water (2 litres), and ethanol 
(9 litres) was added. Removal of the pre-
cipitate by centrifugation and chromato-
graphic examination showed it to consist  
essentially of dextrins, while the solution 
contained glucose, fructose, sucrose, maltose, 
maltotriose, various fructosans and small 
quantity of dextrins ("sugars 2"). The 
precipitated materials were taken up again 
in water (500 ml.) and re-precipitated with 
ethanol (2 litres), the process being repeated 
as shown in Fig. 1 to give eventually a solid 
precipitate (A) and an oily suspension. The 
latter was centrifuged to give a syrup (B) 
and the supernatant solution combined with 
those from the two last ethanol precipitations 
to give a total solution (C) of the more 
soluble dextrins which on evaporation gave 
23 g. of syrup. The materials A, B and C 
were each dissolved in aqueous ethanol (see 
Fig. 1) and allowed to stand for 1 week at 0° C. 
The precipitates from A and B were combined 
as fraction 5 (1-8 g.). The supernatant solu-
tions from A and B were also combined and 
evaporated to yield a syrup (34 g.) which 
on solution in water (250 ml.) and exhaustive 
dialysis in Visking cellophane casing against 
water yielded a dialysable portion (fraction 2) 
and an undialysable portion (fraction 4). 
The precipitate from C was discarded and 
the mother liquors concentrated to a syrup 
(19.5 g.) which was dissolved in water 
(100 ml.) and dialysed exhaustively against 
water to yield a dialysable (fraction 1) and 
an undialysable part (fraction 3). Evapora-
tion of fractions 1, 2, 3 and 4 gave syrups 
weighing 176 g., 4.4 g., 30 g. and 252 g., 
respectively. These fractions were finally 
freeze-dried to yield fluffy, buff-coloured 
solids, which were very hygroscopic and 
dissolved easily in water. Similar treatment 
of fraction 5 gave a brown solid which dis-
solved in water only with difficulty to give 
a viscous, turbid solution. 
Analysis of "sugars 1 and 2".—Quantita-
tive analysis1' of these fractions by means of 
the anthrone-sulphuric acid reagent gave the 
following results:- 
"Sugars 1" "Sugars 2" 
Fructose (g.) 	.. 	.. 	118 	20 
Glucose (g.) .. .. .. 452 50 
Sucrose (g.) . . 	. . 	.. 	11.8 	27 
Maltose (g.) . - .. .. 1848 695 
Maltotriose (g.) 	.. .. 	508 	417 
Maltotetraose (g.) .. 	.. 88 211 
Total weight of sugar 	.. 3132 	1420 
Total weight of fraction .. 3156 	1730 
Percentage of carbohydrate 	99 	82 
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As the amount of pentose was small, and 
cannot in any event be estimated by means 
of the anthrone reagent, the total quantity 
was concentrated into one fraction by solution 
of "sugars 1 and 2" in water (4 litres), 
addition of acetone (16 litres) and concen-
tration of the supernatant solution to 2 litres, 
after rejection of the precipitate. An aliquot 
portion (20 ml.) of the solution was concen-
trated to a syrup and loaded on to a cellulose 
column (50 cm. x 196 sq. cm.), which was 
then developed by using isopropanol-n. 
butanol-water (7:1:2, v/v)' 0 as eluant. The 
portions of the eluate containing pentoses 
were combined and the combined solution 
evaporated to yield a syrup (60 mg.). This 
was dissolved in water (0.2 ml.) and the 
solution painted on to the starting line of a 
Whatnian No. 3MM paper chromatogram 
13 cm. wide. The chromatogram was 
developed with the solvent system, ethyl 
acetate-acetic acid-water (3:1:3, v/v), and 
the individual sugars estimated as described 
in earlier communications. 14 ' 23 The results 
showed that the original 55 litres of wort 
contained the following quantities of free 
pentoses 
Xylose 	.. 	.. 84 mg. 
Arabinose .. .. 77 mg. 
Ribose 	.. 	.. 10 mg. 
Determination of chain-length of dextrin 
fractions . 29—T he carbohydrate solution was 
diluted suitably (see below) and an aliquot 
portion (2 ml.) of the dilute solution was 
mixed with water (1 ml.), 6-N sodium 
hydroxide (1 ml.) and 1.5% aqueous 3:5-
dinitrosalicylic acid solution (1 ml.). The 
mixture was heated for 30 mm. at 65'C., 
cooled, diluted to 25 ml. with water and the 
orange-red coloration measured against that 
of a blank in 1-cm. cells in the Speliiier 
absorptiometer using the green filter (No. 
604). A standard curve relating intensity 
of colour to maltose concentration (01-
1.0%) was constructed and the chain-lengths 
of the fractions were calculated from the 
ratio of the weight of polysaccharide to the 
weight of maltose producing the same 
coloration. The above-mentioned dilution 
was made so that the Spekker drum readings 
were in the range 015-030. 
Hydrolysis of dextrin fractions.—A portion 
(0.1 g.) of each fraction was hydrolysed by 
heating under reflux with 05-N sulphuric 
acid (20 ml.) for 2 hr. After cooling, the  
acid was neutralized with solid barium car-
bonate and, after filtering and washing the 
residue with aqueous ethanol, the solution 
was examined by paper chromatography. 
The carbohydrates formed (Table I) were 
estimated after chromatographic separation. 23  
The sugars present in the hydrolysates 
after only 1 hr. were also examined, when it 
was found that isomaltose 35 was present in 
all fractions but to the greatest extent in 
fractions 2 and 3. 
Experiments with enzymes: sources of en-
zymes.—(a) Mylase P5 : A portion (100 mg.) 
of the dry powder supplied by Wallerstein 
Laboratories, Inc., was dissolved in water 
(50 ml.) and used as described later. 
Mould enzyme preparation from A sper-
gillus foetidus: This material was obtained 
as a freeze-dried preparation by courtesy of 
Dr. W. W. Reid* of H. W. Carter, Ltd., 
Coleford, Glos. It resembled the S-type 
preparation described by Ayres et al.' and 
hydrolysed many different carbohydrates. 
A portion (100 mg.) of the mixture was shaken 
with water (25 ml.) and the suspension filtered 
to remove the kieselguhr. 
Enzyme concentrate from malt: Carls-
berg malt (sample K4,12 100 g.) was finely 
ground and shaken for 3 hr. with 0.5% 
sodium chloride solution (500 ml.). The 
suspension was then centrifuged and the 
supernatant liquid finally clarified by filtra-
tion through a pad of kieselguhr. The clear 
filtrate was saturated with ammonium sul-
phate, stirred for 1 hr. and left overnight. 
The precipitated mixture of enzymes was 
filtered off, washed with saturated am-
monium sulphate solution and dissolved in 
water (30 ml.). The solution was finally 
dialysed against water to remove ammonium 
sulphate and was then diluted to 75 ml. with 
water for use in the experiments described 
later. 
fl-Amylase: This was prepared from 
malt syrup (250 ml.; British Diamalt, Ltd.) 
by the method of Meyer, Fischer & Piguet. 28 
The syrup was diluted with water (500 ml.) 
and ammonium sulphate added to 60% 
saturation. The resulting precipitate was 
dissolved in water (200 ml.) and acetone 
gradually added. Those substances precipi-
tated by acetone at concentrations of 37-60% 
(v/v) were retained and were re-dissolved 
Present address: Research Dept., Carreras Ltd., 
221, Stanhope Street, London, N.W.1. 
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and re-precipitated by acetone at 40-50% 
(v/v) concentration. The solid thus obtained 
was finally purified by precipitation with 
51-56% acetone at pH 78, re-solution in 
water and addition of ammonium sulphate 
to 24% saturation followed by slow evapora-
tion over silica gel at 50  C. The crystalline 
material (ca. 100 mg.) which separated after 
15 hr., was dissolved in water (100 ml.) and 
used directly for experiments with enzymes 
(see below). 
(e) oc-Amylase 7 : Malt syrup (see above) 
was diluted and the dilute syrup heated to 
70° C. for 10 mm. to inactivate fl-amylase. 
After cooling, ammonium sulphate was 
added to 50% saturation, the resultant pre-
cipitate was washed with 33%-saturated 
ammonium sulphate, re-dissolved in water 
and the solution freeze-dried. Of the pro-
duct, 200 mg. was dissolved in water (100 ml.) 
for the following experiments. 
Degradation of dextrin fractions with en-
zymes.—Portions (0.1 g.) of each dextrin 
fraction were dissolved in water (5 ml.) and 
to each solution one of the enzyme solutions 
(a)-(e) above (5 ml.) was added so that the 
effect of each enzyme on every dextrin 
fraction could be assessed. A series was also 
set up in which equal parts of the - and fl-
amylase solutions were added to each dextrin 
fraction. The enzyme-substrate mixtures 
were covered with toluene as antiseptic and 
kept at 40° C. The solutions were examined 
at intervals by chromatography on paper. 
Both Mylase P and the mould enzyme 
preparation from A. foetidus induced rapid 
hydrolysis of all fractions to give the mono-
saccharides already detected in the products 
of complete acid hydrolysis (Table I). A 
similar result was obtained with the concen-
trate of malt enzymes, (c), except that some 
maltose remained undegraded even when 
hydrolysis was complete after 89 hr. ac-
Amylase and a combination of oc-amylase 
and fl-amylase in equal amounts produced 
glucose, maltose, maltotriose and branched 
saccharides from each dextrin fraction. Re-
action was virtually complete after 89 hr. 
whereafter the only change noted was the 
slow hydrolysis of maltotriose to maltose and 
glucose. -Amylase also gave rise to glucose 
and maltotriose but primarily to maltose. 
After 89 hr. the enzymes were inactivated 
by boiling the solutions, and the amounts of 
glucose, maltose and maltotriose in the  
amylase digests estimated by separation on 
paper chromatograms and reaction with the 
anthrone-sulphuric acid reagent as described 
in previous publications.1' ,12  The results are 
given in Table II. 
Enzymic activity of the malt enzyme Prepara-
tion.—Portions (5 ml.) of the enzyme 
preparation (c) were allowed to act on 
various substrates (100 mg. in 5 ml. of water; 
see Table III) at five different temperatures 
(20, 30, 40, 50 and 60° C.) and the digests 
were examined by paper chromatography at 
intervals. The results showed that all the 
substrates were degraded optimally at 40° C. 
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INTRODUCTION 
In contrast with the situation which exists when the amylases attack 
starch, R-enzyme, detected in broad beans and potatoes by Hobson, Whe-
lan, and Peat (1), produces a rise in the "blue value" of starch. Hobson 
ci al. concluded that this rise occurred because the treated substrates con-
tained fewer 1, 6-a-glucosidic linkages and hence fewer barriers to combina-
tion with iodine than the original materials. Later, Whelan et al. (2, 3) 
showed that R-enzyme preparations also hydrolyzed at the 1,6-a linkages 
the branched dextrins (referred to in the remainder of the paper as "a-
limit dextrins") containing 5-8 glucose units, which were produced by the 
exhuastive attack of salivary a-amylase on amylopectin. This finding ap-
peared to confirm that R-enzyme itself functioned by catalyzing the hydroly-
sis of the 1 ,6-a-glucosidic linkages in branched dextrins and, by inference, 
in starch also. It has now been found, however, that by chromatography on 
columns of alumina of enzyme concentrates either from malted barley or 
from broad beans, two separate enzymic activities are detectable, one of 
which raises the blue value of starch but does not attack a-limit dextrins, 
whereas the other readily degrades the dextrins but has no appreciable 
effect on starch. As suggested in a preliminary communication (4), the 
enzyme degrading a-limit dextrins is referred to as "limit dextrinase" 
(5-8), and the enzyme attacking amylopectin but without action on a-
limit dextrins retains the name R-enzyme. Details of the isolation and 
activities of the two separate components are described in this paper. 
MATERIALS AND METHODS 
Enzyme Sources 
Malt enzyme concentrate was obtained as previously described (9) from a com-
mercial malt (Beorna Variety, diastatic power 56° L.) and freeze-dried (yield, 8 g. 
from 1 kg. malt). 
UVA 
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iTlall $-Amylase. This was prepared from diastatic malt sirup (British Diarnalt 
Ltd., Sawbridgeworth, Herts) by the method of Meyer, Fischer, and Piguet (10). 
Salivary a-Amylase. Saliva collected by the method of Meyer et at. (11) was diluted 
with an equal portion of water, and the solution was filtered. The resultant stock 
solution was kept at 00  under toluene as antiseptic. 
Enzyme Concentrate from Broad Beans. Broad beans (Early Long Pod, 1 kg.) 
were ground, defatted, and extracted with water (4 1.) as described by Hobson, Whe-
lan, and Peat (1). The mixture was then centrifuged, and ammonium sulfate was 
added to the supernatant liquid to 70% saturation. The precipitate was separated, 
centrifuged off, and dissolved in water (100 ml.), and the resulting solution was 
dialyzed overnight against running tap water. The dialyzed solution was centrifuged 
to remove a white precipitate, and the supernatant liquid was freeze-dried to yield 
a cream-colored solid (1.27 g.). 
R-enzyme concentrate from broad beans was prepared as described by Hobson, 
Whelan, and Peat (1). The yield of R-enzyme from 900 g. beans similar to those used 
above was about 1 g. 
Substrates 
Commercial samples of potato starch and dextran (undegraded, Dextran Ltd., 
Aycliffe, Co. Durham, England) were used. Amylopectin was prepared from potato 
starch by the method of Schoch (12) using n-butanol, while ,3-limit dextrin was pre-
pared from potato amylopectin by the method of Hobson, Whelan, and Peat (1). 
a-Limit dextrins were isolated from potato starch after exhaustive treatment with 
salivary a-amylase, by the method of Harris, MacWilliam, and Phillips (13), Ca. 4 g. 
dextrin being obtained from 20 g. starch. The isolated material was not further 
attacked by salivary a-amylase or by malt 3-amylase (see above). Yeast glycogen 
(5 g.) was prepared by the method of Manners and Maung (14) from washed yeast 
(1.5 kg.). Panose was prepared by the method of Pan, Nicholson, and Kolachov (15). 
Isomaltose, isomaltotriose, isomaltotetraose, and more complex oligosaccharides 
were prepared from dextran (2.0 g.) by the method of Turvey and Whelan (16) and 
had properties essentially identical with those described by these authors. 
Detection and Measurement of Enzymic Activities 
Detection. Substrates and enzymes were each dissolved in phosphate-citric acid 
buffer solution at pH 6.0 (17) for qualitative measurements of activity unless other-
wise stated. 
Solutions (1%) of a-limit dextrins and potato starch were prepared and treated 
with portions of the enzyme fractions so that the digests could he examined at inter-
vals by paper chromatography for specific carbohydrates (9). 
Measurement. (a) R-Enzyme. Blue values were determined by the method of Bourne 
et at. (18) as follows. Potato amylopectin (1%, 0.5 ml.) in phosphate-citric acid buffer 
solution was treated with the appropriate enzyme fraction (0.5 ml.) for various 
periods of time at 370 The mixtures were then diluted and iodine solution added 
immediately. Results (Fig. 1) are plotted as the percentage increase or reduction of 
the blue value of the digest over that of untreated amylopectin after 6 hr. treatment 
(see Discussion). 
(b) Limit Dextrinase. A 0.30/0 solution of a-limit dextrins (2 ml.) in phosphate-
citric acid buffer solution at p1-1 4.95 was treated at 37 ° with the enzyme fraction 
(0.5 ml.) under examination and salivary a-amylase (0.5 ml. stock solution) for 4 hr. 
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The digests were boiled for 15 mm. to inactivate enzymes, cooled, and their reducing 
powers determined using Nelson's modification (19) of Somogyi's method and com-
pared with a blank prepared as above with the exception that water (0.5 ml.) was used 
instead of the enzyme solution. Results are expressed (Fig. 1) as mg. maltose liber-
ated/mi. of enzyme fraction. 
When molybdate ions (2.2 x iO M; Dr. W. J. Whelan, personal communication) 
were added to the digests, the solutions were unbuffered. 
Fractionation of the Enzyme Mixtures 
Using a Salt Gradient. This was carried out as described earlier (9) with certain 
modifications. Brockmann alumina was packed in a glass column (12 X 1.8 cm.) and 
washed with phosphate-citric acid buffer solution as before. A portion of the en-
zyme concentrate (50 mug.) was dissolved in water (1 nil.) and applied to the column. 
The enzymes were washed into the column with more water (15 ml.), and their elu-
tion was effected by applying it salt gradient by allowing phosphate-citric acid buffer 
solution (pH 6.6) to drip slowly into water (100 ml.) in a mixing vessel and siphoning 
the mixture continuously to the top of the alumina column as described in an earlier 
paper (9). The dante was collected in fractions (4 ml.), the optical densities of each 
fraction being measured at 280 mz, and the readings being regarded as an empirical 
measure of the protein contents of the fractions (Fig. 1). 
Using Stepwise Elation with Buffer Solution. Brockmann alumina in columns (S X 
10 cm.) was washed with phosphate-citric buffer solution at plI 4.0 until the elu:ites 
attained this same p14 value, following which the columns were washed with water 
(4 1.). The malt enzyme concentrates (l-g. portions) in water (10 ml.) were applied 
to the lops of the columns each of which was then eluted with water (1 1.). The elu-
ales were freeze-dried to yield fractions I (Table 1). The columns were washed with 
it mixture of water (1750 ml.) and phosphate-citric acid buffer solution at pH 6.6 
(250 ml.), the eluates dialyzed overnight against distilled water, and the undialvzable 
products freeze-dried to yield fractions 2 (Table 1). The columns were finally treated 
with phosphate-citric acid buffer solution at pH 6.6 (2 1.) and the eluates dialyzed 
and freeze-dried (fractions 3). 
Purification of Enzyme Fractions 
An aliquot portion of fraction 1 (200 mg.) in water (2 ml.) was placed on a column 
(12 X 1.8 cm.) of Brockmann alumina previously washed with phosphate-citric acid 
buffer solution at pH 4.0 (200 ml.) and with water (1 I.). The column was then washed 
with water (100 ml.) and with phosphate-citric acid buffer solution at pH 4.9 (100 
ml.). The two eluates were combined and saturated with ammonium sulfate. The 
resulting precipitate was centrifuged off, washed with saturated ammonium sulfate 
solution, dispersed in water (50 ml.), and dialyzed overnight against distilled water, 
and the undialyzable product was freeze-dried to yield purified R-enzyme (100 mg). 
Attempts to purify limit dextrinase from fraction 2 were made using alumina (as 
above) and calcium phosphate gel (20, 21) as adsorbents. 
Treatment of Fractions 1-3 at 700  and at pH 3.5. Portions (50 mg.) of each fraction 
were dissolved in water (10 nil.), and the solutions were heated rapidly to 70 ° , held 
at this temperature for 15 rnin., and then cooled and filtered. Other portions (50 mug.) 
were dissolved in phosphate-citric acid buffer solution at pH 3.5, and the solutions 
were maintained at room temperature for 24 hr. after which they were dialyzed to 
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FIG. 1. Distribution of protein and enzymic activities of (a) malt enzyme, (b) 
broad bean enzyme, and (c) R-enzyme concentrates eluted from alumina columns. 
Optical density at 280 mu a measure of protein concn. . R-enzyme activity as 
percentage increase in blue value after 6 hr. at 37 ° . 0 ....0 Limit dextrinase activity 
expressed as mg. maltose/mi. of enzyme fraction produced from a-limit dextrins. 
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Activities of Isolated Enzyme Concentrates 
Determination of (a) pH Optimum and (b) Temperature Optimum of Limit Dextrinase 
and R-Enzyme. The activities of the enzymes were determined in phosphate-citric 
acid buffer solution as described above (a) at various pH values between 3 and 7 
and (b) at temperatures between 20 and 600  at pH 5.5 for R-enzyme and at pH 5.0 
for limit dextrinase. 
R-Enzyme. Measurement of Viscosity of Digests. A 2% solution (10 ml.) of potato 
amylopectin in water was treated with R-enzyme (1 mg) in buffer solution (1 in!.) 
for 24 hr. at 37 ° . The viscosity of the resultant solution was estimated using an 
Ostwalcl viscometer at 25 ° . 
Estimation of Sugars Produced by the Action of R-Enzyme on A inytopectin and 
fl-Limit Dextrin. The substrates (1%, 50 ml.) in phosphate-citric acid buffer solution 
at pH 6.0 were treated with 11-enzyme (50 ing.) at 40°. After 96 hr. the digests were 
inactivated by heating at 100° for 15 miii. and were dialyzed in ''Visking" cellophane 
casing against three 500-ml. portions of distilled water. The dial
' 
 yzates were combined 
and concentrated to small volume, and the sugars in the concentrates were separated 
by paper chromatography and estimated using the anthrone-sulfuric acid reagent as 
described by Hall (22). 
Effect of It-Enzyme Fractions A cling with fl-A mylase on Amytopectin fl-Limit Dex-
trin. A solution of fl-limit dextrin (0.1 g.) in water (10 ml.) was treated with a portion 
of certain of the fractions from the alumina column in the presence of excess of malt 
fi-amylase. Samples were withdrawn at intervals from the solutions, and the amounts 
of maltose produced were determined by Nelson's method (19). 
Action. of J?-Enzqmne on Glycogen. Yeast glycogen (2%)  in phosphate-citric acid 
buffer solution at 11 6.0 was treated with 11-enzyme (10 ing.) at 40°. At intervals, 
samples were withdrawn and stained with iodine 1)
1 
 y the method of Manners and 
i\'Iaung (14). The absorption values were read in the uger ''IJvispek" using 0.5-cm. 
cells. 
Action, of a- and/or fl-A inyiases Acting Alone and in Conjunction with R-Enzy.'ne on 
Glycogen.. Glycogen (1 (1/o ) in phosphate-citric acid buffer solution at pH 6.0 (10 ml.) 
was treated with salivary a-amvlase (1 ml.) and/or fl-amnylase (1 ml.) both in the 
presence and in the absence of 11-enzyme (10 mg). Portions (1 ml.) of each digest 
were removed at intervals, and reducing sugars were determined as described above. 
Limit Dextninase. Partial Hydrolysis of a-Limit Dextrins and Enzyme-Degraded 
a-Limit Dextrins with Acid. Portions of a-limit dextrins (50 mg.) were dissolved in 
water (5 ml.), and some were treated with limit dextrinase (10 mg.) for 24 hr. at 40°. 
Sulfuric acid, (1 N; 5 ml.), was added to each solution, the mixtures were heated for 
15 mm., and, after cooling, the digests were neutralized with solid barium carbonate, 
freed of barium sulfate, concentrated, and chromatographeci. The sugars (see Table 
IT) were estimated, after elution from the chromatograms with water, as described 
above. 
RESULTS 
Separation of Enzymes 
A typical elution diagram (Fig. la) illustrating chromatographic resolu-
tion reveals that the proteins are separable into two main zones (A and B), 
the majority of the enzymes, including the limit dextrinase and the amyl- 
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ases, being located in Zone B, while R-enzyme appears in Zone A. Although 
the latter enzyme had no detectable action on a-limit dextrins (Table I), 
it nevertheless attacked 3-limit dextrin, derived from amylopectin, in such 
a way that further degradation by -amylase could be brought about. 
The fractionation of a comparatively crude enzyme mixture from broad 
beans (Fig. ib) and the separation of R-enzyme from limit dextriiiase in a 
concentrate of "R-enzyme" (using the term in the original dual sense) 
from the same source (1) (Fig. ic) reveals that the over-all picture is very 
similar to that for malt enzymes. 
It should be mentioned that prolonged treatment (48 hr.) of amylopectin 
and 0-limit dextrin with R-enzyme fractions (Nos. 5-10, Fig. 1 a—c) ulti-
mately led to decreases in the blue value of the substrate and to the forma-
tion of maltose, maltotriose, and dextrins. This result is attributed to the 
action of traces of a- and 3-amylases which were not detectable by chro-
matographic examination of digests after 24 hr. Attempts to remove the 
traces of amylase present in the 11-enzyme fractions by rechromatograph-
ing bulked fractions on alumina resulted in only very small recoveries of 
active material. The application of larger quantities of the malt enzyme 
concentrate to alumina followed by stepwise elution with buffer solution 
(see Materials and Methods) effected a separation of the R-enzyme and 
limit dextrinase from one another into fractions 1 and 2, respectively (Table 
I). A second treatment of the separated fractions on alumina resulted in 
the isolation of R-enzyme free of amylase from fraction 1, while no enzymic 
activity was obtained from the relatively more strongly adsorbed fraction 
2. Further attempts to remove the amylase activity from limit dextrinase 
in fraction 2 by means of chromatography on calcium phosphate gel (see 
Materials and Methods) were unsuccessful. As the material was free of R-
enzyme activity (fraction 2 (b) and (c) gave no rise in blue value whereas 
fractions 1 (b) and (c) did, see Table I) the untreated fraction 2 was con-
sidered suitable for further study. The actions of heated and acid-treated 
fractions 1 and 2, (b) and (c), on certain substrates (Table I) indicate the 
differing stabilities of the two enzymes. The R-enzyme (fraction 1) retained 
its activity after treatment at 70 0 and pH 3.5, whereas the limit dextrin-
ase (fraction 2) was completely inactivated under these conditions. 
Limit Dextrinase Activity 
The limit dextrinase had a pH optimum of 5.1 and a temperature opti-
mum of 40° . It was only partially inhibited by molybdate ions under con-
ditions (see above) which completely inhibited the action of R-enzyme 
(Fig. 2). It degraded over 90% of the a-limit dextrins to yield a mixture 
of sugars which consisted in the early stages of maltotriose, maltotetraose, 
and a small amount of maltose, but which on prolonged digestion by the 
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TABLE I 
Distribution of Malt Enzymes in Fractions Eluted from an .4lumina Column: (a) 
Untreated, (b) after Keeping at 700  for 15 mm., and (c) after Holding at 
pH 3.5 for 24 hr. 
Fraction 





after 24 hr. 
attack 
Blue value of 
amylopectin 
determined 
after 2 hr. 
B.V. = 0.120 
























1 (a) R-Enzvme Maltose 0.141 - - 0.28 
-Amvlase (0.103 after 
24 hr.) 
 R-Enzvme - 0.135 - 
 R-Enzvme - 0.130 - - 
2 (a) Limit dcxtriiasc Maltose 0.086 Maltose 0.4 0.16 
Maltotriose Maltotrioso 
a-Amvlase Dextrins 
0.120 - - 
0.120 - 
3 (a) Limit cicxtrinasc Maltose 0.001 Maltose 0.007 0.43 
a anti 	-Amylases Maltotriose Maltotriose 
Dcx tn as 
 a and 	-Amvlascs Maltose 0.016 - - 
i\'ial totri ose 
Dextrins 
 -Amylase Maltose 0.115 - - 
enzyme comprised maltose, maltotriose, and a little glucose. The yields of 
the I ,(i-a-linked disaccharide, isomaltose, in acid hydrolyzates of (a) the 
a-limit dextrins and (b) the products of limit clextrinase action are given 
in Table II. The enzyme fails to degrade isoinaltose, isornaltotriose, and 
higher homologs thereof, which contain almost exclusively this type of 
linkage. The attack on panose was usually weak and, indeed, certain limit 
dextrinase preparations possessed no detectable activity whatsoever on this 
substrate. The activities toward amylopectin and its a-limit dextrin were 
also very weak. 
R-Enzyme Activity 
Malt R-enzyme had a temperature optimum of 400  and a pH optimum 
of 5.3. In its action on amylopectin, -limit dextrin, and glycogen (Fig. 2, 






















20 	40 	60 	80 	tOO 
Time (hrs.) 
FIG. 2. Changes produced by malt R-enzyme in the blue value (1) of potato amyio-
pectin (1%; unbuffered) (a) without molybdate () and (b) with molvbdate (a), 
and (2) of potato starch fl-limit dextrin (1 0/0 ; unbuffered) (0). 
TABLE II 
Sugars Produced after Partial Hydrolysis of a-Limit Dextrins with Acid 






after attack by 
limit dextrinase 
Glucose 17.1 22.6 
Maltose 47.3 69.2 
Isomaltose 23.7 1.2 
Trisaceharicle and more complex 11.9 7.0 
carbohydrates 
Tables III and IV), it resembled the corresponding enzymes of broad beans 
and potatoes (1, 23-25). However, repeated attack at the optimum pH on 
amylopectin yielded only 0.5 % of the weight of the initial polysaccharide 
in the form of a mixture of maltose and maltotriose, while similar action on 
a-limit dextrin gave a 1.5 % yield of these sugars. 
The enzyme produced a shift in the absorption maximum of the glycogen—
iodine complex from 475 to 450 rnt similar to that induced by the potato 
and broad bean R-enzymes. However, the purified enzyme when acting in 
conjunction with a- and/or -amylase failed to produce an increase of 
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TABLE III 
Changes in the Viscosity of Potato .4rnylopectin after Treatment with Ia-Enzyme 
Time 
0 	 6 	 24 	 45 
hrs. 
Specific viscosity of digest relative 	1.15 	0.99 	0.75 	0.73 
to control without polysaccha- 
ri de 
TABLE IV 
Attack of fl-A mylase in Conjunction with 11-Enzyme on 0-Limit Dextrin 
Time 
6 	 24 	 48 
firs. 
Percentage of polysaceharide con- 	 S 	 12 	14 
verted to maltose 
reducing power of glycogen as compared with that given by a mixture of 
the latter enzymes alone. 
Discussiox 
The clear demonstration in the fractionation experiments of the presence 
of at least two malt enzymes catalyzing the hydrolysis of branching points 
in starch and derived products indicated the necessity of studying the 
substrate specificity of the separated enzymes. 
Among the substrates tested up to the present time, only the a-limit 
dextrins containing singly 1,6-linked maltose, maltotriose, or maltotetraose 
residues (2, 3, 26) have proved to be readily degraded by limit dextrinase. 
Confirmation that this enzyme functions in hydrolyzing 1 , 6-a-glucosidic 
linkages was obtained by showing that whereas the branched disaccharide 
isomaltose, accounted for 23.7 % of the carbohydrates in acid hydrolyzates 
of the initial substrate, it was formed to the extent of only 1.2% in hydroly-
zates of the products of enzymolysis. Against this background the failure 
of the limit dextrinase to degrade isomaltose itself and other carbohydrates 
containing almost exclusively 1 , 6-a-glucosidic bonds (see Materials and 
Methods) indicates that the enzyme requires for its action a substrate which 
contains both 1,4-a- and 1,6-a-linkages. On the other hand, the limit 
dextrinase is unable to attack larger molecules containing both types of 
linkage, the very weak activity toward amylopectin and 3-limit dextrin 
being almost certainly due to the traces of amylases present. Incidentally, 
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the fact that only certain limit dextrinase concentrates display activity 
(slight) toward the trisaccharide panose (0-a-n-glucopyranosyl-(1 -). 6)-
0-a-n-glucopyranosyl-(1 -p 4)-a-D-glucopyranose) indicates that this action 
must be due to an enzyme other than limit dextrinase. 
Although the malt R-enzyme generally resembled the corresponding 
enzyme of broad beans and potatoes in its action on amylopectin and gly-
cogen (Fig.2, Tables III and IV), it differed appreciably from the earlier-
known enzymes (1) in having a pH optimum of 5.3 and a temperature opti-
mum of 400  as against 6.5-7.0 and 340, respectively. Of further interest is 
the fact that malt R-enzyme failed to produce increases in the blue value 
of amylopectin and of 3-limit dextrin of a magnitude as great as those 
obtained using the potato and broad bean enzymes which increased the 
blue values of potato amylopectin and of 3-limit dextrin from 0.160 to 
0.246 and from 0.145 to 0.265, respectively, after 46 hr. in acetate buffer 
at pH 7.0. Even at the pH optimum the increases induced by malt R-en-
zyme (Fig. 2) for 3-limit dextrin were only about 10-15% of the original 
value, and the method used by Hobson ci al. (1) for measuring the activity 
of R-enzyme by estimating the time taken for the blue value of 3-limit 
dextrin to rise from 0.15 to 0.20 could not therefore be applied to malt 
11-enzyme. Hence, comparison of the activities of R-enzymes from malt 
and broad beans was made solely on the basis of the percentage increase in 
blue value obtained over the initial value (Fig. 2) under fixed conditions. 
Peat et al. (23-25) have found from studies using broad bean and potato 
R-enzymes that the branched linkages in amylopectin and 3-limit dextrin 
fall into at least three classes: (a) those directly accessible to R-enzyme 
attack, (b) those attacked only after initial $-amylolysis, and (c) those not 
susceptible at all. The causes of this phenonemon are still not entirely 
understood, but it may be visualized that the susceptibility of any branch-
ing point to cleavage by R-enzyme depends upon steric factors. One such 
factor will be the number of 1,4-linked glucose residues attached to the 
glucose unit hearing, for example, a 6-substituent (A in Fig. 3). If this 
number (m) is small, say 1 or 2 as in 0-limit dextrin (27), the enzyme may 
find ready accessibility to point A and cleave the molecule to form maltose 
(m = 1) or maltotriose (m = 2). If m is larger, say 9-12 as in amylopectin, 
the access of the enzyme to point A may be hindered and amylolysis may 
be a necessary prerequisite for enzymic attack to occur, thus exemplifying 
linkages of type (b) enumerated above. In this connection, an important 
finding was that the malt R-enzyme gave yields of dialyzable sugars much 
lower than did potato and broad bean R-enzymes when acting upon amylo-
pectin and 0-limit dextrin (see Results) For instance, 1.5% of sugars are 
released by malt R-enzyme from 0-limit dextrin as compared with 12.8% 
liberated by the action of the R-enzymes of potatoes and broad beans. 
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Fie. 3. Diagrammatic representation of a portion of the amylopectin or a-limit 
dextrin molecule. 0 represents a glucose residue, - a 1 4-a-linkage, and - it 16-a-
linkage. 
Again, the malt enzyme gave only maltose and maltotriose under these 
conditions, whereas the enzymes studied by Peat et at. yielded in addition 
maltohexaose and a series of more complex dextrins amounting to a further 
27.2 %. Moreover, the yields of reducing sugars formed when the different 
11-enzymes act in conjunction with 0-amylase on potato starch fl-limit 
dextrin are divergent. Under these conditions the malt 11-enzyme yields 
only 14% of reducing sugar calculated as maltose (Table IV), whereas the 
broad bean and potato enzyme correspondingly yield almost 100% of 
reducing sugar (23, 24). It would appear that, if in fact 1,6-linkages are 
split by the malt enzyme, only short chains attached to a main chain in the 
substrate, e.g., where m = I or 2 (Fig. 3), are liberated and that the enzyme 
is not able to degrade the substrate further without the additional action 
of )3-amylase. Even with this amylase the number of branching linkages 
capable of scission is limited. It is relevant to note the fact that the enzyme 
is able to attack only certain of the linkages in amylopectin, and this 
might indicate that short chain "stubs" composed for example of only 1-3 
units attached to a branch linkage are present in amylopectin as well as 
in fl-limit dextrin. 
It is noteworthy that the presence of a second branched linkage in the 
chain attached to glucose residue B (Fig. 3) also influences the hydrolysis 
of the branched linkage at A. This situation where n is small is exemplified 
in glycogen, in which the presence of the linkage at B may prevent the 
scission at A. Thus, Fleming and Manners (28) have found that broad 
bean 11-enzyme debranches a glycogen containing an internal chain length 
of 5-6 glucose residues (n = 3 or 4, see Fig. 3) whereas it does not degrade 
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glycogen containing internal chain lengths of 2-4 glucose residues (n = 
0-2, Fig. 3). In this connection, the R-enzyme of malt also failed to degrade 
further than the control a yeast glycogen in the presence of a-amylase 
and/or i9-amylase, but it was able to influence the absorption spectrum of 
the glycogen—iodine complex. The mechanism of this latter effect remains 
to be elucidated. 
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SUMMARY 
Fractionation of malt enzymes by selective elution from an alumina 
column yields two enzymes which appear to be capable of attacking 
branched linkages in amylopectin or its degradation products. Two similar 
enzymes are present in R-enzyme concentrates from broad beans. 
The first enzyme, limit dextrinase, hydrolyzes the 1, 6-a-glucosidic 
bonds in a-limit dextrins, which contain 5-8 glucose residues and are pro-
duced by the action of salivary a-amylase on amylopectin, and appears to 
be without action on larger substrates. It does not degrade isomaltose, 
isomaltotriose, and other substrates containing almost exclusively 1,6- 
linkages,  and appears to require a substrate containing both 1,4-a- and 
1,6-a-bonds. 
The second enzyme attacks amylopectin and 3-limit dextrin, making 
increased 3-amylolysis possible and effecting an increase in the blue values 
of the substrates. On the other hand, it fails to attack the above mentioned 
a-limit dextrins. 
The malt R-enzyme resembled generally the R-enzymes of broad beans 
and potatoes but appeared to be more specific in its attack on the outer 
branches of the substrates, producing very small amounts only of maltose 
and maltotriose even after prolonged attack. 
The limit dextrinase and malt R-enzyme each had a temperature 
optimum of 40° and had pH optima of 5.1 and 5.3, respectively. Molyb-
date ions completely inhibited the action of R-enzyme but not that of 
limit dextrinase. 
It is proposed to retain the name R-enzyme exclusively for the second 
enzyme. 
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OCCURRENCE OF MALTULOSE AND 
NIGEROSE IN BEER 
By I. C. Mac William and A. W. Phillips 
Brewing Industry Research Foundation, Nutfield, Surrey 
A recently isolated stran 1 of Saccharomyces 
cerevisiae (National Collection of Yeast Cultures 
No. 447) was found to utilise a greater proportion of 
the carbohydrates of brewers' wort than do the 
strains normally used in brewing (N.C.Y.C. Nos. 85, 
234, 240). Chromatographic examination of beer 
brewed using this yeast revealed the presence of 
two carbohydrates not hitherto observed in this 
medium. These materials are often recognised on 
paper chromatograms only with difficulty because of 
the presence of other substances of similar R, values. 
The two compounds now reported occupied positions 
on paper chromatograms intermediate between those 
of maltose and sucrose where they gave respectively 
(a) a deep purple colour and (b) a grey colour with 
the diphenylamine-aniline-phosphoric acid reagent. 2 ' 3 
One of them reacted with the naphthoresorcinol-
phosphoric acid 3 '4 reagent also, indicating the presence 
of a ketose group. It is perhaps identical with the 
compound reported recently to be present in decoc-
tion worts by Kocková-Kratochvilová, Vlek and 
Wink ler. 5 
Concentration and deionisation of the beer (3 1.) 
followed by chromatographic separation of the 
residual sugars first on a column of cellulose 6 and 
then on sheets of Whatman No. 3 paper using isopro-
panol-n-butanol-water (7 : 1 : 2 v/v.) and n-propanol-
ethyl acetate-water (7 : 1: 2 v/v.) respectively as 
eluants7 yielded the individual sugars in question as 
syrups (ca. 100 mg. of each). The ketose formed an 
osazone which was identical (m.p. and mixed m.p.) 
with authentic maltosazone. From its chromato- 
graphic behaviour, the sugar was identical with 
maltulose prepared from maltose by epimerisation 
using aqueous pyridine. 8 The other sugar yielded 
an osazone which was identified (m.p. and mixed 
m.p.) as turanosazone (nigerosazone). The authentic 
derivative was prepared from nigerose kindly provided 
by Prof. S. Peat, F.R.S. The parent sugar from beer 
behaved in a manner indistinguishable from nigerose 
on paper chromatograms. 
It is possible that nigerose is formed by reversion 
from monosaccharides during fermentation but it 
may be derived directly from starch by enzymic 
hydrolysis during mashing or from dextrins during 
fermentation as Wolfrom and Thompson 9 have 
identified it as a structural unit of starch. Maltulose 
appears to find its origin in the epimerisation of part 
of the maltose present in wort. This epimerisation 
apparently occurs during the boiling of wort as 
extension of the normal boiling period results in 
increased formation of maltulose at the expense of 
maltose. The fact that the appearance of maltulose 
in worts or the derived beers from various brews is 
sporadic appears therefore to be due to differences 
in wort boiling techniques from one brew to another. 
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BREWING INDUSTRY RESEARCH FOUNDATION 
CARBOHYDRATES IN MALTING AND BREWING 
VIII. FURTHER QUANTITATIVE ASPECTS OF THE SOLUBILIZATION 
OF MALT DURING MASHING 
By G. HARRIS, D.I.C., PH.D., I.C. MACWILLIAM, PH.D. AND R. D. HALL, Pn.D. 
(Brewing Industry Research Foundation, Nuzfield, Surrey) 
Received 71h July, 1959 
The extractable carbohydrates of spent grains from brewery infusion mashes of 
Proctor and Spratt-Archer malts have been studied in relation to the corresponding 
carbohydrates in the parent malts and worts. The spent grains from the Proctor 
malt and Spratt-Archer malt contained on average 10-0% and 138% respectively of 
their dry weight as extractable carbohydrates, of which two-thirds consisted of starch 
and the remainder of sugars. The total carbohydrates found in grains and wort from 
each malt differed little from the total amount of starch and water-soluble sugars 
in the malt. It is concluded that, under brewing conditions, not more than 1-2% of 
other hexose derivatives is dissolved from malt during mashing. 
INTRODUCTION AND DISCUSSION 
THE development of anthrone-sulphuric 
acid as a reagent for estimating hexoses and 
related polysaccharides has made it possible 
to study these substances directly as they 
vary during malting and brewing. As 
shown in earlier papers, 68 it has in this way 
become possible to calculate the extent to 
which the carbohydrates of malt are con-
verted into soluble products in wort. It was 
found, for instance, 7 '8 that the carbohydrates 
of the derived wort were sufficient to account 
for 99% of the starch and ready-formed 
sugars of a Carlsberg malt, but these malt 
carbohydrates might not in fact have been 
the whole source of extract as the action of 
hemicellulases could result in the solubiliza-
tion of initially insoluble hemicelluloses (see 
Luchsinger, English & Kneen15). The pre-
sent investigation, therefore, was concerned 
with analyses of spent grains in addition, 
using Proctor and Spratt-Archer malts 
selected for trials by the Institute of Brewing 
in 1954, on which the brewing results have 
been noted elsewheress. 
As before, 6-10 representative samples of 
the malts were analysed by extraction first 
with boiling aqueous ethanol, secondly with 
water at 40' C., and thirdly with aqueous 
perchioric acid to remove respectively, al-
though not exclusively, simpler sugars, gums 
and hemicelluloses, and starch. The total 
hexose in the first two fractions was estimated  
directly by means of anthrone, while starch 
was estimated by means of the same reagent 
after preliminary precipitation with iodine. 
The results (Table I) make it clear that the 
malts were of closely similar composition. 
TABLE I 
ANALYSIS or CARBOHYDRATES IN PROCTOR AND 
SPRATT-ARCHER MALTS 




Carbohydrate soluble in 80% 
ethanol 	. - 	 .. 	 .. 8-4 9-6 
Carbohydrate soluble in water 
at 40° C. 	.. 	. - 	 - - 2-0 3-6 
Starch 	extracted 	by 	30% 
perchloric acid solution 	.. 65-2 62-6 
Total hexose -. 	 .. 75-6 75-8 
Blue-value of starch .. 	 .. 0-364 0-381 
Mashing was conducted under the conditions 
developed for an earlier trial, 6 and the total 
carbohydrates in aliquot portions of the five 
worts so prepared from each malt were 
estimated with the anthrone reagent in the 
usual way5 '18 "9 (Table II). Obviously, 
somewhat more carbohydrate was actually 
extracted from the Proctor malt than from 
the Spratt-Archer. It may be seen that the 
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proportion of the fermentable sugars, com-
prising glucose, fructose, sucrose, maltose and 
maltotriose, is greater in the Proctor than in 
the Spratt-Archer wort in conformity with 
the results obtained in the earlier trial. 6 
This finding was borne out in the results of a 
TABLE II 
ANALYSES OF WORTS PREPARED FROM PROCTOR 
AND SPRATT-ARCHER MALTS 




Total carbohydrate content 
of wort (g. hexose per 
1000 ml.) .. .. .. 1094 1085 
Carbohydrate 	composition 	of 
worts (results expressed as 
percentages of total hexose) 
Dextrin 	1_ 226 252 Maltotetraose J 
Maltotriose 	.. 	 .. 146 141 
Maltose 	.. 	 .. 	 .. 479 426 
Sucrose 	.. 	 .. 	 .. 5.4 5.9 
Glucose + .. 9•5 122 Fructose 	j 
Percentage of total sugas 
which is fermentable 	.. 774 748 
series of laboratory mashes (Table III), where 
the trend was observed in both infusion and 
decoction mashes using in each instance both 
finely-ground and coarsely-ground grists. 
In all except the last pair of mashes the 
Proctor malt gave a slightly higher total 
carbohydrate figure, as in the brewery 
mashes. It is of interest to note that the 
fermentabilities of the laboratory worts were 
rather lower than those of the brewery worts, 
probably as a result of the lower concentra-
tions of the mash in the former instance. 
Reverting to the mashes carried out under 
brewing conditions, the spent grains were 
weighed wet after sparging and about 1 kg. 
was taken as representative of the bulk. 
Drying of the grains prior to sampling was 
inimical to these analyses since, as other 
workers'3,25 have pointed out, the grains 
consist largely of coarse fibre and finely-
divided protein which tend to segregate. 
Residual enzymes in the grains were therefore 
inactivated by hot aqueous ethanol in the 
usual way and the extracted grains were 
dried and ground finely, and the starch was 
estimated by methods described earlier. 17 
The alcoholic extract was also examined for 
soluble carbohydrate by means of the anth-
rone-suiphuric acid reagent (Table IV). 
Chromatographic examination of the alco-
holic extract showed that it resembled wort 
in containing glucose, maltose, maltotriose, 
maltotetraose and dextrins but differed in 
that fructose, sucrose and fructosans were 
absent, thus indicating that the carbo-
hydrates containing fructose are solubilized 
very readily during mashing and are soon 
washed out of the grains, while starch 
degradation is still proceeding to yield 
products which are not sparged out. 
Reference to Table IV shows that approxi-
mately one-third of the total carbohydrate 
extracted from the spent grains consisted of 
alcohol-soluble sugars,. while the remaining 
two-thirds consisted of starch. The spent 
grains from the Proctor malt contained carbo-
hydrate amounting to 2.30% of the dryweight 
of the original malt, while those from the 
Spratt-Archer malt contained 3.06%. The 
results are in general agreement with those 
TABLE III 
ANALYSES OF LABORATORY WORTS PREPARED FROM PROCTOR AND SPRATT-ARCHER MALT 
Total 	extract Percentage 
Method (as g. glucose) of 
of in 	laboratory fermentable Percentage 
Malt Grind mashing mash (505 ml.) sugars conversion 
Proctor Fine Infusion 367 755 1005 
Spratt-Archer Fine Infusion 356 682 970 
Proctor Coarse Infusion 362 742 992 
Spratt-Archer Coarse Infusion 35•4 707 964 
Proctor Fine Congress 369 74.4 1010 
Spratt-Archer Fine Congress 362 702 987 
Proctor Coarse Congress 35•9 73.5 98•3 
Spratt-Archer Coarse Congress 360 718 981 
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of earlier workers3,4,13,14,24,25  as, e.g., those of 
Deprax3 and Preece 21 who found that the 
spent grains from all-malt mashes contained 
respectively 84% and 11.6% of starch based 
on the weight of dry grains, corresponding to 
approx. 2.1% and 2.9% based on the weight 
of the original malt. However, it was 
found in the present investigation that the 
method of extracting starch used by the 
earlier workers, i.e., by boiling the grains 
with water, was less efficient than the method 
described here. As malt contains some 
60% of its weight as starch 6 ' 8 , the present 
results show that some 3-5% of the original 
starch remains unextracted during infusion 
mashing, a circumstance which is of con-
siderable importance when considered on an 
industry-wide basis. As the unextracted 
starch has a blue-value close to that of the 
starch of the parent malt in both cases (cf. 
Tables I and IV), it appears merely to have 
escaped significant attack by the amylases. 
TABLE IV 
ANALYSES OF SPENT GRAIN SAMPLES 
Spratt- 
Proctor I Archer 
Average weight of wet spent 1 
grains per 20 lb. malt used 
(lb.) 	. . 	. . 	. . 2314 2436 
Moisture (%) .. 	 . . 	.. 771 778 
*Ethanol extracted sugar (i) 
(as hexose) 	. . 	.. 084 096 
*Starch (ii) (as hexose) .. 146 210 
*Total carbohydrate (i + ii) 
(ashexose) 	.. 	 .. 230 306 
*yield of spent grains (dry) .. 2746 2803 
Blue-value of starch (av.) 	.. 0366 0374 
For convenience in calculating the balance in 
the Experimental Section, the results are expressed 
in this table as percentages of the original dry mall, 
and not as percentages of the spent grains. 
In each case studied, the total amount of 
carbohydrate in wort and spent grains is 
calculated to be 101.6% of the total of starch 
and preformed sugars in the original malt. 
The apparent excess may represent the 
extent of solubilization of substances not 
estimated in the malt, although some accumu-
lation of analytical errors, e.g., in the deter-
minations of moisture content (cf. Bennett  
& Hudson') and in the many carbohydrate 
estimations is possible. Reference to the 
results of the laboratory mashes (Table III) 
suggests that, at least in the case of the finely-
ground Proctor malt, again somewhat more 
carbohydrate is solubilized than can be 
accounted for as starch and soluble sugar in 
the malt. In this connection it is of interest 
that Luchsinger, English & Kneen, 15 on the 
basis of comparative analyses of gums pre-
cipitated from malt extracts and wort by 
means of acetone and supposedly freed of 
rz-glucosides by means of pancreatic amylase, 
have recently claimed that decoction mashing 
of American malts leads to the solution of 
very considerable quantities of fl-glucosan, 
amounting to at least 4-5% of the weight of 
the malt. This quantity of carbohydrate in 
excess of material derived from starch and 
ready-formed sugars, and representing about 
6 lb. per bri. of extract, appears very high in 
comparison with the results presented here. 
However, as Luchsinger, Cochrane & Kneen'° 
have shown, the enzymes responsible for 
degrading gums are rapidly inactivated at 
temperatures above 500  C. and it is probable, 
therefore, that they fail to solubilize fi-
glucosan appreciably at the temperatures of 
infusion mashing used in the present investi-
gation. On the other hand, there are 
insufficient differences in extracts between 
the infusion and Congress worts (Table III), 
the latter of which would be expected to 
simulate more nearly decoction conditions, 
to support the view that fl-glucosanase 
activity can account for the apparent 
solubilization of 4-5% of malt solids. As it 
has been shown (a) by Myrback and his 
co-workers 20 that there are considerable 
quantities of limit dextrins among the 
products of the action of pancreatic amylase 
on starch, and (b) by the present authors that 
such a-limit dextrins are precipitated by 
acetone from solution in water, it is possible 
that some at least of the material analysed 
by the American workers as fl-glucosan was 
limit dextrin. If this were the case it would 
reduce the discrepancy between the results 
of Luchsinger et al.15 and those presented 
here, as the limit dextrins would be regarded 
as derived from starch and not from originally 
insoluble gums. It is uncertain whether their 
gums as precipitated from wort are com-
pletely susceptible to attack by enzymes 
capable of splitting fl-linkages or whether 
they are degraded by limit dextrinase, and it 
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is not therefore possible at present finally to 
resolve this difficulty. 
EXPERIMENTAL 
Analysis of Malt 
General.—The standard methods of the 




Moisture (%) 	.. .. 	 3.53 350 
Nitrogen (%)* .. .. 	 1-37 1-32 
P.S.N. (%)° 	.. .. 	 0-498 0-545 
Index of modification .. 36-4 41-3 
C.W. Extract (%) 4 .. 	17-0 21-6 
H.W.E. (lb. per Qr.)° .. 103-5 103-1 
Diastatic power (°L.) .. 	31-0 28-0 
Colour (E.B.C. scale) .. 2-5 4-5 
1000-corn wt. (g.) 0 - - 31-9 33-0 
° Calculated on dry weight of malt. 
Carbohydrate.—Samples ( 100 g.) of each 
malt were treated with boiling aqueous 
ethanol, ground and further extracted with 
80% ethanol and with water as described in 
a previous paper. 9 The extracts were di-
luted with water to a concentration of 30-
40 pg. per ml. so that their hexose contents 
could be estimated by means of the anthrone-
sulphuric acid reagent. 5 The residual grain 
was dried, ground in a Wiley mill (80-mesh 
screen) and the starch estimated by extraction 
with aqueous perchioric acid, precipitation 
with iodine, and reaction with the anth-
rone -sulphuric acid reagent as previously 
described17 (see Table I). 
Blue value.—The blue values2 of the starch 
samples were determined directly on the 
perchioric acid solutions above" (Tables I 
and IV). 
Brewing Mashes 
Preparation of worts.—The ground malts 
(20 lb.) were mashed with liquor (5-2 gal.) in 
the experimental brewery following the 
procedure developed for an earlier trial. 8 
Analysis of worts.—The total carbohydrate 
contents and the carbohydrate compositions 
of the worts were estimated by the modifica-
tion by Ha115 of the method of McFarlane 
et al.'s 119 
Analysis of spent grains.—The total yield 
of spent grains was measured by lifting them 
bodily on the slotted base-plate of the mash-
tun and weighing them on a spring-balance. 
A sample (1 kg.) was then removed and  
pitched into boiling ethanol (4 litres), and the 
mixture was heated under reflux for 3 hr. 
After cooling, the solution was freed from the 
grains by filtration under suction and the 
solid residue was washed with ethanol (2 
litres). The combined filtrate and washings 
were concentrated in a vacuum to remove 
ethanol and the concentrate diluted to 2 
litres with water. An aliquot portion was 
further diluted as above for estimation of the 
carbohydrates by means of anthrone. 
The residue remaining on the filter was 
dried at 40° C. in a vacuum and ground in 
the Wiley mill (80-mesh screen). The ground 
material was thoroughly mixed and aliquot 
portions (0.2 g.)were extracted with aqueous 
perchioric acid for starch estimation as above. 
All necessary determinations of moisture 
content were made by the standard method. 22 
Chromatography of ethanolic extracts.—
This was effected by published methods. 9 '-' 
Laboratory Mashes 
Preparation of worts.—The infusion mashes 
on the coarsely-ground malts were made by 
the standard method. 22 This method was 
also employed for the finely-ground malts 
which were prepared the previous day by 
grinding in a Wiley mill (30-mesh screen) and 
stored in closed bottles prior to mashing. 
Moisture determinations were carried out 
both on the unground malt and on the 
finely-ground material. The latter material 
contained on average about 1% more 
moisture than the initial malt. 
The decoction mashes were effected by the 
Congress method. All the mashes were 
filtered in the usual way, and enzymic 
activity in an aliquot portion (50 ml.) was 
terminated by the addition of ethanol 
(50 nil.). 
Analysis of worts.—The enzymically in-
active solution was appropriately diluted as 
above for estimation of its total content of 
hexoses by means of the anthrone reagent. 
Aliquot portions were chromatographed in 
band form on Whatman No. 1 paper as 
described earlier. 9 Guide strips at each side 
of the chromatograms were cut out to locate 
the carbohydrates.' 1 The centre sections of 
the chromatograms were then cut so as to 
divide them between the zones occupied by 
maltotriose and maltotetraose. The two 
sections of each paper thus obtained, one 
containing carbohydrates less mobile than 
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maltotriose, i.e., the unfermentable carbo-
hydrates, and one containing the more mobile 
fermentable carbohydrates, were then eluted 
individually with water as earlicr des-
cribed5 ' 12 ' 18 and the eluates after removal of 
any filter-paper fibres by filtration through 
sintered glass allowed to react with anthrone-
sulphuric acid. In this way the total 
hexose in the form of fermentable and un-
fermentable carbohydrates was estimated 
and the fermentabilities of the original worts 
were then calculated 12 (see Tables II and III). 
Calculation of the Balance Between Malt 
Carbohydrates and Brewing Products 
In all brewery mashes, 20 lb. of malt gave 
13125 gal. of wort of the carbohydrate 
content shown in Table II. Hence, for the 
Proctor malt (moisture content, 3.53%), 
100 g. of the dry raw material yields 
13•125 x 109•4 x 454 x 100g. of hexose in 
20 x 96'47 x 4 ,54  
corresponding amounts of wort = 74.4 g. 
The corresponding figure for the Spratt- 
Archer malt (moisture content, 3.50%) 
13125 x 1087 x 454 x 100g. 
20 x 96'50 x 454 = 73.9 g. 
Since the spent grains from 100g. each of 
Proctor and Spratt-Archer malt contain 
respectively 23 g. and 306 g. of hexose, the 
total carbohydrate derived from the Proctor 
malt is 744 + 23 g. = 767 g. and from 
the Spratt-Archer malt = 739 + 306 g. = 
76'96 g. The malts were found by analysis 
(Table II) to contain 756 and 758 g. re-
spectively, and hence the percentage re-
covery of wort carbohydrates from Proctor 
malt was 	x 100 = 101'6, and from 
75-6 
7696 
Spratt-Archer malt ---- x 100 = 1016. 
Acknowledgement.—The authors wish to 
thank Dr. A. H. Cook, F.R.S., for permission 
to publish the results of this investigation. 
REFERENCES 
Bennett, A., & Hudson, J. R., this Journal, 
1954, 35. 
Bourne, H. J., Haworth, W. N., Macey, A., & 
Peat, S., J. chem. Soc., 1948, 924. 
Deprax, P., Ann. Brass. Dist., 1911, 14, 505. 
Eckhardt, F., Z. ges. Brauw., 1921, 81. 
Hall, R. D., this Journal, 1956, 222. 
Hall, R. D., Harris, G., & MacWilliam, I. C., 
this Journal, 1954, 464. 
Hall, R. D., Harris, G., & MacWilliam, I. C., 
this Journal, 1956, 232. 
Harris, G., Hall, R. D., & MacWilliam, I. C., 
Proc. Eur. Brew. Cony., Baden-Baden, 1955, 
 
Harris, G., & MacWilliam, I. C., this Journal, 
1954, 149. 
Harris, G., & MacWilliam, I. C., this Journal, 
1957, 210. 
Harris, G., & MacWilliam, I. C., Chem. & Ind., 
1954, 249. 
Held, H. R., Garratt, R. H., & McFarlane, 
W. D., Proc. A. M. Amer. Soc. Brew. Chem., 
1955, 167. 
Herries, K., Z. ges. Brauw., 1923, 100. 
Kreuzer, C., Z. ges. Brauw., 1911, 34, 277., 
Luchsinger, W. W., English, H., & Kneen., E. 
Proc. A.M. Amer. Soc. Brew. Chem., 1958, 40. 
Luchsinger, W. W., Cochrane, D. G., & Kneen, 
E., Proc. A.M. Amer. Soc. Brew. Chem., 1958, 
46. 
MacWilliam, I. C., Hall, R. D., & Harris, G., 
this Journal, 1956, 226. 
McFarlane, W. D., & Held, H. R., Proc. Eur. 
Brew. Cony., Nice, 1953, 110. 
McFarlane, W. D., Held, H. R., Jegard, S., & 
Blinoff, G., Proc. A.M. Amer. Soc. Brew. 
Chem., 1953, 67. 
Myrbäck, K., Ortenblad, B., & Thorsell, W., 
Biochem. Z., 1944, 316, 424. 
Preece, I. A., this Journal, 1931, 409. 
Standard Methods of Analysis for Commercial 
Purposes, this Journal, 1948, 179. 
This Journal, 1955, 275. 
Weisz, H., Z. gee. Brauw., 1922, 122. 
Wieniger, F. A., Z. ges. Brauw., 1915, 38, 257. 
Reprinted from THE JOURNAL OF GENERAL MICROBIOLOGY 
Vol. 21, No. 2, October 1959 
(All rights reserved) 	 PRINTED IN GREAT BRITAIN 
MAcWILLI, I. C. (1959). J. gen. Microbiol. 21, 410-414 
A Survey of the Antibiotic Powers of Yeasts 
By I. C. MAcWILLIAM 
Brewing Industry Research Foundation, Nutfield, Surrey 
SUMMARY: Examination of the antibiotic powers towards bacteria and moulds of 
150 strains of yeasts from the British National Collection of Yeast Cultures has 
revealed that whereas none exhibited marked antibacterial properties certain of 
them inhibited the growth of moulds. Strains of Candida puicherrima, when grown 
on a malt+ yeast+ peptone + glucose agar medium inhibited the growth of strains 
of certain Mucor, Fusarium and Penicillium spp. The inhibition was due to 
puicherriminic acid, a derivative of the red pigment, pulcherrimin, formed by 
Candida pulcherDima. It inhibited growth of the moulds completely at 5000 p.p.m. 
and partially at 500 p.p.m. 
Only one systematic study has been reported in which the inhibitory powers, 
against bacteria and other organisms, of a large number of different strains of 
yeasts have been observed. In a brief report, Koch (1952) described the 
screening, by means of a diffusion plate method, of about 150 yeasts including 
distilling, baking, brewing and other strains against the bacteria, Bacillus 
subtilis, Serratia marcescens and strains of Pedicoccus isolated from beer. 
The yeasts Brettanomyces bruxellensis, Schizosaccharomyces pombé and 
brewing strains of Saccharomyces cerevisiae and S. carisbergensis were found 
to inhibit the growth of B. subtilis and the pediococci but other species of 
yeast were found to produce substances which stimulated the growth of the 
bacteria. No attempt was made by Koch to isolate the substances producing 
inhibition of bacterial growth. Other workers have used only two or three 
strains of yeast but have carried out fractionations of the yeast cell con-
stituents and culture fluids to concentrate the active materials. In a review 
of investigations made before 1949, Florey et al. (1949) noted that unsaturated 
fatty acids from brewers' and bakers' yeasts and from Debaryomyces mucosus 
and Torulopsis utilis, and succinic acid or other acidic substances from 
Torulopsis utilis var. major possess antibacterial properties. Later work has 
shown that cyclic peptides from bakers' yeast (Motzel & Cook, 1958), certain 
proteins from brewers' and bakers' yeast (Parfentjev, 1955, 1957a, b), the 
crystalline carotenoid lusomycin from Rhodotorula glutinis var. basitarica 
(Prista, 1952) and unidentified substances from S. cerevisiae (Skorodumowa, 
1954) all inhibit the growth of certain strains of bacteria. 
The National Collection of Yeast Cultures provides a very wide selection of 
yeasts and the opportunity has been taken to survey the antibiotic properties 
of a representative number of these cultures. At least one strain of each 
species listed in the catalogue has been tested, by a diffusion plate method, 
for inhibitory action towards six selected bacteria and against certain moulds. 
In addition the effects of a number of the concentrated culture fluids from the 
yeasts on the growth of bacteria and moulds have been observed. 
.20 
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METHODS 
Organisms. 153 strains of yeast, comprising Brettanomyces, (5) Candida (31), 
Cryptococcus (5), Debaryomyces (4), Endomycopsis (8), Hansenula (7), 
Kloeckera (5), Nadsonia (2), Oospora (2), Pichia (6), Rhodotorula (10), 
Saccharomyces (44), Schizosaccharomyces (2), Sporobolomyces (5), Torulopsis 
(18), Trichosporon (3), and one each of Bullera, Hanseniaspora, Lipomyces, 
Saccharomycodes, Schwanniomyces and Trigonopsis were tested. Some of the 
bacteria were obtained from the National Collection of Type Cultures, 
(NCTC) çolindale, London, and the rest had been isolated in the Foundation. 
The cultures of moulds were kindly supplied by the Commonwealth Myco-
logical Institute (CMI), Kew, England. Details are given in Table 1. 
Table 1. Bacteria and moulds used as test organisms 
Temperature 
Growth of 
Gram Strain medium incubation 
reaction No. used () Bacteria 
Staphylococcus aureus 	+ NCTC 6571 Nutrient broth 37 
Escherjchja coli 	 - * 
agar 
Nutrient broth 25 




Bacillus cereus 	 + * Nutrient broth 25 




Pseudomonas 	 - NCTC 6570 Nutrient broth 37 
aeruginosa agar 
Fungi 
Rhizopus stolonifer CMI 17313 MYPGt 25 
Fusarium oxysporum CMI 53097 MYPG? 25 
F. equsseti CMI 49888 MYPGt 25 
Penicilliurn periculosurn CMI 61383 MYPGt 25 
Mucorplunibeus CMI 74386 MYPGt 25 
* These cultures were isolated in the Foundation. 
f Malt + yeast + peptone + glucose agar. 
Media. The bacteria and moulds were maintained and tested on the appro-
priate media listed in Table 1. Nutrient broth agar was prepared as described 
by Mackie & McCartney (1949) and the Acetobacter, deep-liver and malt ± 
yeast + peptone + glucose + agar (MY -PG agar) media as described by Haynes, 
Wickerham & Hesseltine (1955). The yeasts were grown on solid or liquid 
MYPG medium. The iron-rich medium for cultivation of Candida puickerrima 
was prepared as described by Cook & Slater (1954). 
Materials tested. Pulcherriminic acid (3:6 di-isobutyl-4:5-dihydro-2:4-
dihydroxy-5-oxo-pyrazine-1-oxide) was isolated as described by Cook & 
Slater (1956). Culture fluids (500 ml.) from the yeasts Brettanomyces bruxet-
lcnsis (NCYC 362), Cindida puicherrima (166, 371, 372, 373), Candida utili 
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(168, 859), Saccharomyces carisbergensis (112, 450), Saccharomyces cerevisiae 
(232, 240, 447), Schizosaccharomyces pombé (132), after 1 week's growth were 
separated from the organisms by centrifugation at 10,000 rev./min. and 
freeze-dried. The resulting solid was redissolved in sterile water (5 ml.). 
Methods of testing. Three methods were used for detecting growth 
inhibition. 
Blocks of agar (1 cm •2  and of the thickness of the medium) bearing a 
single yeast colony were cut with a sterile scalpel from 48 hr. cultures on 
MYPG agar and placed on the surface of a dry plate of suitable medium 
previously surface-inoculated with a saline suspension (0.1 ml.) of the bac-
terium or mould under test. The medium was examined for zones of inhibition 
of growth around the blocks after aerobic incubation for 1-4 days at 25 0 or 
37° (see Table 1). 
The sensitivity of certain moulds was tested by streaking a loopful of a 
young yeast culture directly on to the surface of the appropriate medium pre-
viously inoculated with the mould as described above. The plates were then 
incubated and examined for zones of inhibition as previously described. 
Freeze-dried culture fluids redissolved in one hundredth of their 
original volume (see above, 166 ml.) were added to molten medium (15 ml.) 
just before pouring plates. These were then surface-inoculated and incubated 
and the amount of growth compared visually with that obtained on the control 
medium devoid of culture fluid. 
The inhibitory properties of pulcherriminic acid were tested similarly, 
concentrated solutions in 50 % aqueous pyridine being used to give final con-
centrations in the medium of 5000, 500 and 50 p.p.m. For comparison, 
plates were prepared of medium containing the same amount of pyridine but 
no puicherriminic acid. 
RESULTS 
Bacteria. In none of the tests in which bacteria were used as test organisms 
was their growth inhibited even slightly by substances secreted by the yeasts. 
In many cases the bacteria showed enhanced growth around the agar blocks 
containing the yeasts. Neither concentrated culture fluids from some of the 
yeasts nor puicherriminic acid produced inhibition of growth. 
Fungi. Most of the substances secreted by yeasts appeared also to enhance 
the growth of the moulds with the one exception, however, that strains of 
Candidapuicherrima, when grown in the presence of Fusarium, Penicillium and 
Mucor organisms produced zones of inhibition varying from 01 to 05 cm. 
diam. around the yeast colony. The size of the zone in which growth of the test 
organism was prevented varied considerably from one batch of medium to 
another. The inhibition appeared to be inversely related to the amount of the 
red pigment, puicherrimin, formed in the medium. Indeed, when an iron-rich 
medium (see above) was used and there was a very large production of 
puicherrimin by the yeast no inhibition of mould growth was observed. After 
prolonged growth, the moulds completely overlapped the yeast colony on the 
latter medium, but did not do so on the normal medium where inhibition of 
413 	 Antibiotic powers of yeasts 
growth was observed. Concentrations of 5000 p.p.m. puicherriminic acid 
completely inhibited growth of Penicillium, Fusarium and Mucor spp. but 
did not inhibit Rhizopus stolonijer. Concentrations of 500 p.p.m. of the acid 
produced a retardation of growth, four days instead of two days being required 
for full growth. On the other hand culture fluids from Candida puicherrima 
or from other yeasts produced no significant inhibition of growth. Efforts 
Were made to extract puicherriminic acid from the freeze-dried culture fluids 
from C. puicherrima by using pyridine, in which the acid is readily soluble and 
which was itself without action on the mould. However, only very small 
quantities of material were obtained which did not inhibit or retard growth 
of the moulds. All four strains of C. puicherrima from the National Collection 
(Nos. 166, 371, 372, 873) produced inhibition but strain 378 produced the 
greatest effect followed by nos. 372, 371, and 166 in descending order of 
activity. Incidentally, strain no. 378 produced the greatest yield of puleherrimin 
on the iron-rich medium. 
DISCUSSION 
The aim of the present study was to survey rapidly a wide range of yeasts with 
a view to detecting the production of antibiotic substances of potency compar-
able to that of the antibiotics at present commercially available; the range 
of conditions of testing was necessarily restricted. Consequently, substances 
having weak inhibitory powers or which diffused slowly into the agar, may 
have gone undetected; this possibly explains the discrepancies between 
the present results and those of Koch (1952) who reported the presence in 
brewing and other yeasts of substances which inhibited bacterial growth and 
brought about lysis of test organisms. Nevertheless, it is clear that the 
liberal production of antibiotic substances of potencies comparable to those 
of the commercial antibiotics would have been detected by the methods 
used. It is concluded that yeasts are not a promising source of antibiotics as 
compared with certain other organisms. 
The inhibition of moulds by puicherriminic acid is perhaps not unexpected 
since the compound has been shown to possess structural similarities to the 
antibiotic aspergillic acid (N-hydroxy-2-oxo-3:6-dibutylpyrazine; White, 
1940; Dutcher & Wintersteiner, 1944; Dunn, Gallacher, Newbold & Spring, 
1949). From the present results it seems reasonable to presume that in the 
liquid and iron-rich media most of the puicherriminic acid which was formed 
by the yeast was converted, by combination with ferric ion, to puicherrimin 
which, being almost completely insoluble in water and organic solvents, did 
not inhibit growth. In the solid medium, exhaustion of ferric ion in places 
of yeast growth probably occurred and some puicherriminic acid was present 
to produce inhibition of mould growth. 
On the basis of the results shown above and of recent findings, a study of 
the antibiotic properties of other oxo-pyrazines of greater solubility in water 
than aspergillic acid and pulcherriminic acid may well yield rewarding results. 
The author wishes to thank Dr A. H. Cook, F.R.S., for help and guidance during 
the course of this work. 
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BREWING INDUSTRY RESEARCH FOUNDATION 
CARBOHYDRATES IN MALTING AND BREWING 
IX. RAPID METHOD FOR ESTIMATING THE MAIN 
CARBOHYDRATE CONSTITUENTS OF WORTS 
By G. HARRIS, Pn.D., D.I.C. AND I. C. MACWILLIAM, PH.D. 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Received 2nd November, 1959 
The principal oligosaccharides in wort—viz., sucrose, maltose, maltotriose and 
dextrins—are individually estimated within a few hours by specific enzymic hydrolysis 
followed by measurement by means of Barfoed's reagent of the amount of hexose 
monosaccharide formed. The reagent is itself specific for the monosaccharides 
which are thus estimated directly, giving the complete carbohydrate spectrum of 
the wort. The fermentability of wort can therefore be estimated in considerably 
less time than is required by chromatographic separation followed by the use of 
anthrone-sulphuric acid reagent. 
INTRODUCTION AND DIscussIoN 
ESTIMATIONS of the main carbohydrate con-
stituents of wort, which usually involve 
chromatography followed by the use of the 
anthrone-sulphuric acid reagent, ° are time-
consuming and perhaps not ideally suited to 
routine work. Thus, analysis of two worts 
in duplicate requires a total time of 1J days, 
including 18 hr. for the chromatography. 
The present communication describes a 
method which entails selective degradation 
of the various wort carbohydrates by appro-
priate enzymes and estimation of the 
degradation products by means of a modified 
Barfoed reagent 2  over a total period of only 
4 hr. The procedure is based on the method 
of Blom & Schwarz,' which uses different 
yeasts for degrading maltose and maltotriose, 
but differs in making use of (a) enzyme pre-
parations from the yeasts and from other 
organisms, and (b) a chemical method of 
analysing the products of enzyme action, 
namely Barfoed's reagent. 
Barbed's reagent is reduced only by 
monosaccharides, such as glucose and fruc-
tose, and is unaffected by di- and poly-
saccharides such as maltose, maltotriose and 
dextrins, which occur in wort. Reaction of 
suitably diluted wort with the reagent 
therefore provides a direct estimation of the 
glucose and fructose present. Treatment of 
another portion of the wort with invertase  
degrades the sucrose component to glucose 
and fructose while leaving the other major 
carbohydrate constituents unaffected. The 
concentration of sucrose is then calculated 
from the total amount of glucose and fructose 
by making allowance for the amounts of 
glucose and fructose originally present. 
Similarly, maltose, maltotriose and dextrins 
are estimated by successively using maltase 
from Saccharomyces uvarum, maltase from 
Sacch. cerevisiae"7 and dextrinase from 
Aspergillus sp. 3 respectively. Two of the 
enzyme preparations, namely invertase and 
dextrinase, are obtainable commercially (see 
Experimental and Results section), and the 
remaining enzymes are readily prepared from 
brewer's yeast and Sacch. uvarum. The 
estimations are made possible because the 
first maltase degrades sucrose and maltose, 
the second degrades sucrose, maltose and 
maltotriose, and Aspergillus enzyme 
hydrolyses all the wort oligosaccharides. 
Moreover, the last two preparations can be 
utilized to assess the fermentability of the 
wort directly, as the sugars hydrolysed by the 
maltase of Sacch. cerevisiae together with 
glucose and fructose make up the fermentable 
fraction which may then be expressed as a 
percentage of the total carbohydrate esti-
mated by means of dextrinase. The use of 
highly active enzyme preparations (see 
Experimental and Results section) allows 
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the hydrolyses of the carbohydrates to be 
completed in 2-3 hr., subsequent reaction of 
the products with Barfoed's reagent requiring 
only 1 hr. Even quicker hydrolysis could 
perhaps be achieved by using maltase con-
centrates of the type described by Phillips. 19 
Comparison of the results of the analyses of 
seven worts carried out by the chromato-
graphic method (a, Table I) and the present 
enzymic method (b, Table I) shows general 
agreement apart from some divergences 
which require comment. 
As regards the monosaccharides it has been 
found that fructose has a slightly greater 
reducing power towards Barfoed's reagent 
than has the equivalent weight of glucose. 
For simplicity, however, the control estima-
tions were carried out using equal weights 
of glucose and fructose, and hence some 
variation between the results in columns a 
and b (Table I) may be ascribed to the fact 
that either glucose or fructose was in excess 
in the worts analysed. The overall error 
occasioned in this way must of course be 
very small in relation to the total carbo-
hydrate. 
Considering the di- and trisaccharides, it 
may be recalled that small amounts of 
carbohydrates such as "glucodifructose" 4  
(kestose and isokestose 20), isomaltose,4 ' 5 ' 15 
nigerose'3 and maltulose13 have been detected 
in wort in addition to the sugars discussed 
above. The concentration of each is small 
so that no attempt has been made to estimate 
them individually in either the anthrone or 
the enzymic procedures. All of these sugars 
react with the anthrone-sulphuric acid re-
agent and are therefore estimated along with 
one or other of the major sugar components. 
For example, maltulose, nigerose and iso-
maltose all travel to positions very close to 
that of maltose on paper chromatograms 4 ' 13 
and must, therefore, be included with 
maltose in the chromatographic method. 
In the enzymic procedure, however, these 
carbohydrates probably escape degradation 
so that the results for maltose may be 
expected to be slightly lower. 
For sucrose the results in column b (Table I) 
are higher in every case than those in column 
a. This may be ascribed to the presence in 
the worts of "glucodifructose" which is 
known to be degraded by invertase and will 
therefore be determined along with sucrose 
in the enzymic method (Table I, column b). 
As noted above, however, it is estimated 
together with maltose or maltotriose in the 
chromatographic procedure. It is emphasized 
TABLE I 
CARBOHYDRATE COMPOSITION OF WORTS DETERMINED BY (a) THE CHROMATOGRAPHIC METHOD, AND (b) 
THE ENZYMIC METHOD 





- .2 .8 2 0 ' sugar (as hexose, 
Wort 'i ' , % of total 
No. Cl) hexose) 
1 a 226 147 4-69 050 0'73 9'65 76-6 
b 2-18 141 459 061 080 9.59 77.3 
2 a 3-01 143 398 044 085 971 690 
b 2-93 149 376 052 0-83 9.53 693 
3 a 208 1-62 5•27 0-25 086 1008 794 
b 200 153 5-13 032 087 985 796 
4 a 251 1-21 411 052 080 9-15 726 
b 255 117 4-03 057 0•77 909 719 
5 a 297 1•34 421 041 075 9-68 75-3 
b 3-06 119 409 046 0-69 949 742 
6 a 2-04 1'41 478 005 1-26 9-54 78-6 
b 1'95 1'57 4.59 007 1'30 9-48 79•4 
7 a 160 133 5-68 0-25 090 976 83-6 
5 1-69 1•22 5-54 0-31 097 9-73 846 
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that these anticipated divergences will in 
any event be small and it is satisfactory to 
find that values for fermentabiity of the 
worts obtained by the two methods are 
practically identical. In view of the speed 
of working, the new method, therefore, 
provides advantages not only over the 
chromatographic method but also over the 
forced fermentation procedure at present 
commonly used. Although in the procedure 
described below the final stage consists for 
convenience of a colorimetric measurement, 
no serious loss of working time is incurred by 
employing a titrimetric method instead. 
EXPERIMENTAL AND RESULTS 
Worts.—Samples (50 ml.) of the worts 
prepared from all-malt mashes 7 were boiled 
for 30 mm. with equal volumes of ethanol 
to inactivate enzymes. After cooling, the 
ethanol was removed under reduced pressure 
and the volumes of the individual samples 
were readjusted to 50 ml. 
Enzyme prep araiions.—Invert ase concen-
trate (A) was obtained from British Drug 
Houses, Poole, Dorset. The solution (1 ml.) 
was diluted to 10 ml. with phosphate-citric 
acid buffer SolutiOn12 at pH 65 before use. 
Sacch. uvarum maltase (B) and Sacch. 
cerevisiae maltase (C) were prepared as 
follows (see Phillips'8 ' 19): Yeast (100 g.) 
(National Collection of Yeast Cultures Nos. 
115 and 234 respectively) was stirred with 
diammonium hydrogen phosphate (7 g.) for 
2 hr. at room temperature. The yeast 
autolysate was then transferred to a dialysis 
sac (Visking cellophane) and dialysed over-
night against running tap water. The yeast 
debris was removed by centrifugation and 
the supernatant liquid was dialysed against 
distilled water for a further 2 days at 00  C. 
This dialysate was freeze-dried to yield a 
buff-coloured solid which was stored over 
phosphorus pentoxide. 
Aspergillus dextrinases (D) were obtained 
from Wallerstein Laboratories Inc., as the 
preparation Mylase P and stored at 00  C. 
Enzymic degradation of the wort carbo-
hydrates.—Wort ( 1 ml.) was diluted to 5 ml. 
with phosphate-citric acid buffer solution at 
pH 65. Of the diluted solution, aliquot 
portions (1 ml.) were then individually 
treated with the enzyme preparation A 
(1 ml.) B, C or  (10 mg. in 1 ml. of phosphate-
citric acid buffer solution at pH 65). The  
mixtures were maintained at 370  C. for 3 hr. 
Chromatographic examination 14 of the solu-
tions at intervals revealed: (a) that the 
hydrolysis of sucrose by enzyme A was 
invariably complete within 1 hr.; (b) that 
degradation of fermentable carbohydrates 
by enzyme C and all carbohydrates by enzyme 
D was usually complete within 2 hr. and 
always within 3 hr.; and (c) that freshly-
prepared samples of the enzyme B produced 
rapid hydrolysis of maltose. However, the 
hydrolysis of maltose on several occasions by 
certain of the enzyme preparations B was 
not completed within 3 hr. and required 
overnight treatment. It was only those 
enzyme preparations which had been kept for 
a period of more than 2 weeks that lost their 
ability to complete the hydrolysis of maltose 
within 3 hr. under the conditions stipulated 
above, and work is now in hand, therefore, 
to concentrate maltases from yeasts other 
than Sacch. uvarum which hydrolyse only 
maltose. 
After completion of the enzymic reaction, 
the solutions were heated rapidly to 1000 C. 
and maintained at this temperature for 
10 mm. to inactivate the enzymes. After 
cooling, the solutions were diluted so that 
the concentration of monosaccharide was 
approximately 0.2 mg. per ml.; using worts 
of specific gravity of about 1.040, the digests 
were diluted to the following volumes: (A) 
invertase digest-15 ml., (B) Sacch. uvarum 
maltase digest—SO ml., (C) Sacch. cerevisiae 
maltase digest-75 ml., and (D) Aspergillus 
dextrinase digest-100 ml. In addition, 
portions (1 ml.) of the worts were diluted to 
50 ml. for estimation of free glucose and 
fructose. In all cases when carrying out the 
enzymic reactions, suitable enzyme blank 
solutions were prepared and treated under 
similar conditions. 
Treatment of the digests with the modified 
Barfoed's reagent.2—Reagents: (a) Copper 
reagent. A solution (1 vol.) of copper sul-
phate pentahydrate (6.93 g.) in water 
(100 ml.) was mixed with a solution (3 vol.) 
of sodium acetate trihydrate (50 g.) in water 
(100 ml.) just before use. 
(b) Arsenomolybdate reagent. This was 
prepared by the method of Nelson. 16 
Procedure: The diluted solutions (1 ml.) 
containing the sugars (see above) in test 
tubes were each treated with the copper 
reagent (3 ml.) and the mixtures heated at 
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100° C. for 20 mm. The solutions were 
cooled, arsenomolybdate reagent (2 ml.) and 
6-N sulphuric acid (2 ml.) were added and, 
after mixing, the resultant blue-coloured 
solution was diluted to 25 ml. in a standard 
flask. The optical density of the final 
solution was determined using for con-
venience a Huger Spekher absorptiometer 
with red filters (No. 608). The weights of 
sugars produced as the results of the enzymic 
actions were then determined (a) for glucose 
+ fructose and for sucrose by means of a 
calibration curve using equal weights of 
glucose and fructose, and (b) for the other 
carbohydrates from a calibration curve using 
glucose alone. 
Estimation of wort carbohydrates by chro-
matographic separation.—The chromato-
graphic separations of the wort sugars were 
carried out as described by McFarlane 
& Held10"1 and the separated sugars were 
estimated by means of anthrone-sulphuric 
acid by the procedure of Hall. 6 
Results.—.These are given in Table I 
Acknowledgement.—The authors thank Dr. 
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During an infusion mashing period of I hr. at 0500  F (65.5° C.), "hexose carbo-
hydrate" was extracted with an efficiency greater than 95% over the range of mash 
concentrations from 8 up to 42% from a number of malts tested, with the exception 
of"high nitrogen malt" of relatively small diastatic power which gave satisfactory 
extraction only when the mash concentration did not exceed 33%. Over the same 
period, infusion at 045° F. (62.7° C.) or a modified Congress procedure gave this 
efficiency only at mash concentrations up to 16-25%. At these concentrations and 
using brewing malts of low nitrogen content, however, the modified Congress pro-
cedure gave slightly poorer recovery of hexose carbohydrate but slightly higher 
extracts than infusion at 0500 F., owing to greater solubilization of nitrogen com-
pounds and, probably, pentose carbohydrate. Extension of the mashing period to 
3 hr. permitted extraction of almost all available carbohydrate by infusion at 150° F. 
or by the modified Congress procedure even at a mash concentration of 50%. Over 
this period at 045° OF., however, extraction reached an acceptable level for brewing 
only at mash concentrations up to 33-42% and only when malts of low nitrogen 
content were employed. The fermentabilities of worts produced at 145° F. were 
greater than those of worts made at the higher temperature but were reduced to 
the normal level by restricting the time of mashing to 4 hr. and continuing the extrac-
tion by sparging at higher temperatures. 
INTRODUCTION AND DISCUSSION 
IT is generally accepted that the maximum 
extract is obtained from malts by mashing 
at temperatures variously put by different 
investigators to be between 150° and 160° F. 
depending on the pH and concentration of 
the mash. As far as British malts are con-
cerned, it is commonly held that maximum 
extract is obtained by mashing at about 
150° F., using a mash concentration 
of approx. 16% (reviews by Hopkins 
& Krause,12 Lüers,20 Preece). Under these 
conditions 95-100% of the available "hexose 
carbohydrate" of many malts (i.e., carbo-
hydrate built up from hexose units), measured 
conveniently by means of the anthrone-
sulphuric acid reagent, 7 is solubilized.'° The 
variety of barley from which the malt is 
derived,11a the degree of modification of the 
malt and the fineness of grind4 all affect the 
efficiency. Recently, the development of new 
mashing techniques such as those which 
might be used in continuous brewing (cf. 
Suominen,26 Davis & Pollock3) and the 
recently proposed 6 "short-time low-tem-
perature" procedure has raised the question 
of the tolerable limits in mashing conditions. 
Accordingly, the present study was under-
taken to determine how the efficiency of con-
version of the hexose carbohydrates, which are 
those of prime interest in brewing, is affected 
by changing the conditions of mashing, par-
ticularly the concentration and temperature of 
the mash and the diastatic power and nitrogen 
content of the malt. The conventional analy-
ses24 of the malts used are given in Table I. 
Effect of mash concentration on worts pro-
duced by infusion for 1 hr. at 145° F. or 
150° F.—In the first instance the concentra-
tion of the mash was adjusted to various 
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values between S and 50%. At concentra-
tions greater than 50% the mash was too 
thick to handle conveniently even with 
stirring (cf. Part X11 9). The duration of 
mashing was restricted at first to 1 hr. at a 
temperature of either 145° or 150° F. and the 
as a percentage of the sum total of starch and 
soluble sugars of the malt as measured by the 
methods described earlier' 0 and also expressed 
as hexose. 
The results (Tables II—VI) show that, in 
nearly every case, mashing at 150° F. gave 
TABLE I 
STANDARD AND OTHER ANALYSES ON 5 REPRESENTATIVE MALTS 
Malt (Proctor)* 
Analysis A B C D E 
Moisture (%) 	. . . . 	.. 	 . . 	.. 	 .. 	 . . 	16 1-6 54 3.3 89 
Nitrogen (% dry weight) .. 	 .. 	 .. 	 .. 	 . . 135 137 1-37 1-79 160 
Nitrogen index (%) 	. 	. . .. 	 . . .. 	 . . 	389 34.9 359 280 396 
Diastatic power (°L.) . . . . 	. . . . 	.. 	 . . 34 33 48 27 130 
Cold-water extract (% dry weight) . . . . . . . . 	181 177 184 167 219 
Hot-water extract (lb. per Qr. dry) 	. . 	. . 	. . 	1021 1022 1020 965 1013 
Colour (E.B.C. units) 	. . . . 	. . . . . . . . 525 4.75 20 60 20 
Total extractable carbohydrate (as glucose % dry weight) 799 772 798 709 777 
Starch (% dry weight) 	.. 	 .. 	 .. 	 .. 	 . . 	596 62'2 628 517 57•8 
* Key to malts. 	A, low nitrogen, normal D.P., 2 years old; B, low nitrogen, normal D.P., fresh; C, low 
nitrogen, high D.P., fresh; D, high nitrogen, normal D.P., fresh; E, high nitrogen, high D.P., fresh. 
TABLE II 
EFFECT OF MASH CONCENTRATION AND TEMPERATURE ON RECOVERY AND PROPERTIES OF WORTS DERIVED 
FROM MALT A* DURING 1 HR. AT (a) 145'F. AND (b) 150° F. 
Mash concentration (wt. grist as % vol. mash liquor) 
8 	 16 	 25 	 33 	 42 	 50 
Wort analysis a b a S a b a b a S a S 
Recovery of carbohydrate (%) 	.. 91.3 999 946 967 920 984 882 988 745 987 743 903 
Fermentability of carbohydrate (%) .. 771 773 803 758 789 762 757 757 707 743 662 710 
N (mg. per 100 ml. per 25 g. malt) 	.. 281 265 290 271 299 277 310 301 328 281 337 297 
Amino acid N (mg. per 100 ml. per 
25 g. malt) 	......... 94 89 99 92 98 95 100 100 103 93 105 96 
* Table I. 
TABLE HI 
EFFECT OF MASH CONCENTRATION AND TEMPERATURE ON RECOVERY AND PROPERTIES OF WORTS DERIVED 
FROM MALT B DURING 1 HR. AT (a) 145° F. AND (b) 1500  F. 
Mash concentration 
8 	 16 	 25 	 33 	 42 	 50 
Wort analysis a S a b a S a S a S a S 
Recovery of carbohydrate (%) 986 990 991 973 959 969 921 993 899 979 718 951 
Fermentability of carbohydrate (%) 761 714 772 723 742 728 716 724 693 707 854 652 
N (mg. per 100 ml. per 25 g. malt) 264 276 266 288 310 304 337 321 345 33•5 36•3 349 
Amino acid N (mg. per 100 ml. per 
25 g. malt) 	......... 9.4 9•5 95 9•8 104 99 111 103 111 105 113 107 
carbohydrate present in the wort estimated recoveries of carbohydrate greater than 95% 
by means of the anthrone-sulphuric acid at concentrations of the mash up to 33-42%. 
reagent. 7 The values so obtained were As analysis of the results of 21 identical 
expressed as hexose and the recovery of mashes reveals (Table VII) that the standard 
hexose carbohydrate in wort was calculated deviation in the estimated recovery was only 
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±Fi%, the results in Tables IT—VT indicate 
also that the yield of carbohydrate in the 
mashes at 145° F. is significantly less than 
that at 1500  F. except in the mashes made at 
concentrations 8-16%. Even at these con-
centrations, malt A gave less than the others 
and particularly in the 8% mash. The 
inability of this malt to effect satisfactory 
mainly responsible for the formation of 
fermentable sugar, was inactivated before 
gelatinization of starch was complete. This 
effect was naturally less marked when the 
malts of high D.P. were used (Tables IV and 
VI). In the case of malt E, of exceptionally 
high D.P. (Table I), the fermentability of the 
wort produced at low concentrations of the 
TABLE IV 
EFFECT OF MASH CONCENTRATION AND TEMPERATURE ON RECOVERY AND PROPERTIES OF WORTS DERIVED 
FROM MALT C DURING 1 HR. AT (a) 145° F. AND (b) 150° F. 
Mash concentration 
8 16 25 33 42 50 
Wort analysis a b a b a b a b a & a b 
Recovery of carbohydrate (%) 
Fermentablilty of carbohydrate (%) 





































Amino acid N (mg. per 100 ml. per 25g. 
malt) 	........... 104 100 109 104 109 108 113 112 117 114 124 118 
conversions under any but the best conditions 
was, incidentally, reflected in the rather poor 
conversion of wheat starch as an adjunct as 
described in Part XII. 9 In the present 
studies, the recovery in the worts prepared 
at 145° F. at higher concentrations was low, 
e.g., in some cases less than 80%, at con-
centrations greater than 42%. Clearly, the 
simple stand of 1 hr. at 145° F. was insufficient 
mash was well over 80% and was little less 
than this even in the wort made in the most 
concentrated mash. As 80% is about the 
maximum theoretically possible for the fer-
mentability calculated on the basis of the 
action of - and fl-amylases," this result is of 
particular interest as showing that the action 
of a further enzyme, presumably limit 
dextrinase,-" 13 "5 "9 '2228 had occurred. 
TABLE V 
EFFECT OF MASH CONCENTRATION AND TEMPERATURE ON RECOVERY AND PROPERTIES OF WORTS DERIVED 
FROM MALT D DURING 1 HR. AT (a) 145'F. AND (b) 150° F. 
Mash concentration 
8 16 25 33 42 50 
wortanalysis a b a b a b a b a b a b 
Recovery of carbohydrate (%) 
Fermentability of carbohydrate (%) 





































Amino acid N (mg. per 100 ml. per 25g. 
malt) 	........... 96 91 100 93 100 96 103 99 99 108 97 106 
to give good extraction of the malts used at 
the mash concentrations likely to be used in 
brewing, and the extension of the stand or 
other modification necessary to achieve good 
recoveries was therefore sought (see below). 
Turning now to the fermentabilities of the 
worts from the carbohydrate point of view, 
those of the worts produced at 145° F. were 
nevertheless greater as expected 12 ' 20 ' 23 than 
those of worts made at 150° F. Usually, the 
fermentabilities fell away with recovery of 
carbohydrate, presumably because fl-amylase, 
Despite the lower recoveries of carbo-
hydrate achieved in the more concentrated 
mashes the amounts of nitrogen compounds, 
including amino acids, increased with con-
centration in mashes both at 145° and 150° F. 
(cf. Bowker') and, moreover, the amounts of 
these nitrogen compounds were often greater 
in the worts prepared at the lower tem-
perature. These results are explicable in 
terms of the enhanced action at the greater 
concentrations of the insoluble protease 
described by Kolbach & Simon16 (see also 
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Davies, Harris & Parsons, 2 Kringstad & 
Kilhovd'7). 
Effect of varying the mashing period.—
Prolongation to 3 hr. of the period of mashing 
at 1500  F. at concentrations greater than 
42% resulted in virtually complete recovery 
of carbohydrate and extension to only 2 hr. 
was sufficient to enhance the recovery to 
accepted levels for brewing even at these 
high concentrations. However, at these con-
centrations similar increase in the duration 
of the mash at 145° F. failed to increase 
utilization to much above 90% (see Table 
VillA). With regard to the mashes at 
150° F., these findings are in broad agree-
ment with those of Bowker,' who found that, 
over the range of concentrations from 28 to 
50%, the total extract from a normal  
at temperatures higher than those employed 
in mashing and under these conditions the 
additional extract is more dextrinous than 
the initial wort. Hence, a good yield of wort 
of normal fermentability may be obtained 
under such conditions in the brewery since 
the high fermentability of the initial extract 
is reduced to the more usual 70-75% by the 
material extracted subsequently. Indeed, 
against this background Hall, Harris & 
Mac William 6 have shown that the initial 
mashing period at 145° F. can be shortened 
to as little as 05 hr. under brewing conditions 
with the production of a final wort of normal 
composition and yield. 
Effect of nitrogen content of malt.—Clearly, 
malts differ in their response to this and other 
mashing techniques. This was particularly 
TABLE VI 
EFFECT OF MASH CONCENTRATION AND TEMPERATURE ON REcOVERY AND PROPERTIES OF WORTS DERIVED 
FROM MALT E DURING 1 HR. AT (a) 1450  F. AND (b) 1500  F. 
Mash concentration 
16 	I 	25 	I 	I 	42 	 50 
Wort analysis 
Recovery of carbohydrate (%) 	08-6 991 98-4 969 956 985 945 972 879 987 835 881 
Fermentability of carbohydrate (%) 	833 802 841 81-2 829 82-3 820 810 796 785 785 	764 
N (mg. per 100 ml. per 25 g. malt) 	 30-7 	29-2 301 	23-6 	321 	312 	35-3 	33-9 	317 	349 	315 388 
Amino acid N (mg. per 100 ml. per 25g. 
	
malt) ........... 109 	10-3 	10-5 	10-2 	11-3 	10-7 	11-7 	114 	10-5 	11-6 	10-3 	12-4 
brewing malt remained large and sub-
stantially unchanged. However, the results 
differ in that Bowker observed that extrac-
tion during 2 hr. was nearly as great at 
145° F. as at 150° F. using a mash concentra-
tion of 40%. The differences are probably 
explained by the results in Table VillA 
which demonstrate that the mash concentra-
tion of 40% is in a critical region from the 
point of view of recovery of carbohydrate. 
Extension of the period of mashing at 145° F. 
to 3 hr. in the present investigation increased 
the carbohydrate yield to the acceptable but 
still comparatively low figure of about 96%. 
On the other hand, using the slightly smaller 
concentration of mash of 33%, the carbo-
hydrate recovery from 3-hr. mashes at 145° F. 
was theoretical and only little less in 2 hr. 
Turning again to the question of the 
fermentability of the worts produced, this 
was at the high level of 78.3% in the 3-hr. 
mash at 145° F. and was little less (74%) in 
the 2-hr. mash. Under brewery conditions, 
extraction-is, of course, enhanced by sparring  
marked in the case of the malts of high 
nitrogen content. At the mash concentra-
tions of 33% or more the recoveries of carbo-
hydrate from these were less than those from 
the other malts. Presumably, penetration 
of the mashing liquor into the grist, which is 
in any event hindered at the greater con-
centrations, is made more difficult still by 
the presence of relatively large amounts of 
protein. This seems to be particularly so 
at the lower temperature of mashing when 
the gelatinization of starch is itself less rapid 
than at high temperatures. It appears, 
therefore, that these malts are better mashed 
in the more conventional manner, although 
it is not possible on the basis of the present 
data to define any limits to the nitrogen 
content above which it might be considered 
unsatisfactory to mash at 145° F. 
Effect of other mashing conditions.—Further 
investigations were concerned with the 
relative effects of infusion mashing and a 
modified form of Congress mashing. The 
latter procedure is regarded as an intensive 
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form of mashing, and it appeared possible 
that carbohydrate recoveries might be 
improved, even if only slightly, by employing 
it, especially using well-modified English 
malt. Few reports on this topic have 
appeared although Lloyd Hind"' in dis-
cussing the effect on wort composition, 
TABLE VII 
AVERAGE ANALYSIS OF 21 WORTS OBTAINED FROM 
MALT B BY THE INSTITUTE OF BREWING STANDARD 
METHOD OF MASHING 
Average Standard 
Wort analysis 	result 	deviation 
Extract (lb. per Qr. dry) 	.. 	1011 	±15 
N (mg. per 100 ml.) .. .. 56.9 +13 
Recovery of carbohydrate (%) 	993 	±1-I 
Fermentability (%) . . 	. 733 ±l2 
rather than yield, of decoction mashing, to 
which the Congress method is a laboratory 
approximation, states that infusion worts 
generally contain a higher proportion of 
maltose and are more attenuative than 
decoction worts. 
In the present study, five malts of low 
nitrogen content derived from three different 
barleys were employed in both coarsely and 
finely ground form, and were mashed (a) by 
infusion at 150° F. and (b) by the Congress 
method. Initially, a mash concentration of  
16% was used in order to achieve maximum 
extraction (see above). The results are 
shown in Tables VITIB and IX. 
In nearly all of the ten cases, the extracts—
as measured by either .refractive index 5 or 
specific gravity24—were greater for the Con-
gress worts than for the infusion worts. On 
the other hand, seven of the ten Congress 
worts contained less carbohydrate, as 
measured by means of anthrone-sulphuric 
acid, than the corresponding infusion worts. 
However, the differences were usually small 
and the weights of fermentable sugars in the 
various worts proved to be quite similar. 
When the concentration of the mash was 
increased to 33% (Table VIIIB) satisfactory 
recovery of carbohydrate was achieved in 
the Congress mashes so modified as it was in 
the infusion mashes described earlier. At a 
mash concentration of 50%, however, it was 
necessary to extend the duration of the 
mashing process to 3 hr. to attain comparable 
utilization of carbohydrate and fermentabiity 
using the same malt. As in those prepared 
at lower concentrations, the total extracts 
in the Congress mashes—as estimated by 
measurement of specific gravity—were greater 
than those of the corresponding infusion 
mashes. This finding may be attributed to 
the greater extraction of nitrogenous material 
(Table IX) by the Congress procedure and, 
probably, to the enhanced degree of solution 
TABLE VIII 
EFFECT OF PROLONGING THE DURATION OF MASHING ON WORT PROPERTIES 
Amino 
acid 
Recovery Fermenta- N N 
Mash Mash of input bility of (mg. per (mg. per 
concen- tern- Mash carbo- carbo- 100 ml. 100 ml. 
tration perature duration hydrate hydrate per 25 g. per 25 g. 
Mash system (%) (°F.) (hr.) (%) (%) 
malt) malt) 
A. 	Infusion 	.. 	 . . 33 145 2 997 741 324 
106 
33 145 3 100.0 783 327 106 
42 145 2 93•8 717 
75. 6 
33.9 109 
42 145 3 958 382 12•1 
50 145 2 895 683 351 112 
50 145 3 93•1 724 365 116 
42 150 2 95.9 719 326 103 
42 150 3 99.5 738 34.4 10•8 
50 150 2 960 699 342 105 
50 150 3 101•3 723 34.7 105 
B. 	Congress .. 	 . . 33 - 1 996 703 33.4 10.5 
50 - 2 933 671 364 108 




PROPERTIES OF LABORATORY WORTS PREPARED BY INFUSION AT 1500  F. AND BY A MODIFIED CONGRESS METHOD 























on T.S.N. (mg per 100 ml.) Amino acid 
nitrogen 
(mg. per loOml.) Gravity 
Refractive 
index A B C 
Carlsberg Coarse Congress 1004 1007 074 711 568 530 139 48 385 158 
1) (Sample 
Coarse Infusion 998 994 979 673 488 445 112 26 350 149 
Fine Congfess 1032 1027 995 661 576 550 138 42 396 153 
Fine Infusion 1018 1017 1010 654 506 464 136 42 328 148 
Sprstt-Archer 
(Sample 
Coarse Congress 1023 1029 952 746 622 568 146 51 425 146 
1) 
Coarse Infusion 1012 1017 961 750 522 475 144 17 361 144 
Fine Congress 1018 1014 978 721 714 610 200 94 420 164 
Fine Infusion 1028 1028 1000 717 598 515 171 45 382 148 
Carlsberg Coarse Congress 1016 1023 950 
(Sample 2)  
742 528 492 131 53 344 128 
Coarse Infusion 1006 1010 955 782 436 406 119 29 288 130 
Fine Congress 1023 1025 983 744 510 476 132 60 319 133 
-, Fine Infusion 1019 	- 1013 996 - 	744 448 422 126 28 294 120 
Proctor Coarse Congress 1023 1017 981 735 579 578 126 89 364 161 
Coarse Infusion 100-5 1012 989 742 526 503 103 64 359 150 
Fine Congress 1026 1019 1017 744 593 587 133 78 382 152 
Fine Infusion i018 1005 1011 755 546 32-5 120 	- 68 858 150 
Spratt-Archer 
(Sample 2) 
Càirse Congress 1018 1013 976 718 634 623 127 77 430 180 - 
Coarse Infusion 1010 1004 960 707 551 506 129 70 - 	352 167 
Fine Congress 1024 1018 993 702 661 640 136 69 456 200 
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of pentosans. This is in accord with the 
known greater solubilization at lower mash-
ing temperatures, such as those used for 
mashing initially in the Congress method, of 
pentosans which give only comparatively 
feeble colorations with the anthrone-sulphuric 
acid reagent. 
It is of incidental interest that the greater 
nitrogen content of the Congress worts was 
distributed over all fractions as measured by 
the Lundin method21 (Table IX). The 
content of amino acid nitrogen, as estimated 
by the van Slyke manometric method, 2 ' 27 
was also greater in the Congress worts than 
in the infusion worts prepared at 1500  F. but 
represented a larger proportion of the total 
nitrogen in the latter. 
Conclusions.—The present survey of the 
effects of conditions of mashing on wort 
yield and composition is not comprehensive, 
as clearly it cannot cover the effect of many 
variables, such as pH, or a wide range of 
temperatures or salts (cf. Bowker,' Preece, 23  
Hopkins & Krause 12). However, certain 
trends are clear, in some cases confirming and 
in others amplifying what is already accepted. 
Thus, increasing the mash concentration 
above 40% involves inefficient utilization of 
hexose carbohydrate under the conditions 
tested, even at a mash temperature of 150° F. 
if the time of mashing is less than 2 hr. At 
a mash temperature of 145° F. the utilization 
of carbohydrate at high concentration of the 
mash is less than that at 150° F. and reaches 
acceptable levels for brewing only after 3 hr. 
when the mash concentration is 42%. The 
risk of poor carbohydrate recovery is greater 
when malts of high nitrogen content are 
employed, even in those instances where 
D.P. is increased concomitantly. As indicated 
in Part XII, 9 some improvement of carbo-
hydrate yield is effected at high mash con-
centrations when the mash is stirred or when 
the temperature is raised to 155° F. during 
mashing, at least in mashes in which adjuncts 
are employed. This last device is akin to the 
conditions prevailing in a Congress mash in 
its earlier stages, but it is found that simple 
infusion at 150° F. nevertheless yields from 
average brewing malts slightly more carbo-
hydrate than the Congress procedure. 
Using the more acceptable brewing malts 
of low nitrogen content and employing the 
rather lower mash concentration of 33% 
often used conventionally, the method of 
mashing advocated by Hall, Harris & 
MacWilliam, 6 involving conversion for 05 hr. 
at 145° F., proves satisfactory. Whether the 
conversion time for brewing purposes can be 
shortened still further by adapting the fast 
conversion methods 26 in conjunction with 
the use of "cooked" adjuncts as practised in 
distilling25 remains to be investigated. 
Possibly, considerations of flavour supervene 
here (cf. Lüers20) although Suominen 26 claims 
that flavour is unaffected even in a "pres-
sure-cooked" mash. 
EXPERIMENTAL 
Analysis of malts.—The Standard Methods 
of the Institute of Brewing 24 were employed. 
Carbohydrate determination in malts.—The 
total carbohydrate and starch contents of the 
malts were determined using the methods 
described by Harris, MacWilliam & Hall. 10 
Laboratory mashes.—The enzymically in-
active solution was suitably diluted for deter-
mination of its total content of hexoses by 
means of the anthrone-sulphuric acid re-
agent. 7 
Fermentability of worts.—This was 
estimated by the enzymic method of Harris 
& MacWilliam.8 
Acknowledgement.—The authors wish to 
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The yields and compositions of worts produced from malt of high quality by 
infusion mashing for f hr. at 145° F. (62.7° C.), followed by sparging at 165° F. (73.9° C.), 
did not differ significantly from those of worts produced conventionally over 2 hr 
at 1500  F. (65.5° C.). The balance of proteolysis was affected advantageously at the 
lower temperature, in that the Lundin fraction B increased at the expense of the 
Lundin fraction A, resulting in less precipitation of hop resins and better utilization 
of hops. Beers produced from the wort with appropriate reduction of hop rate 
compared favourably in flavour, foam-stability and shelf-life with those made con-
ventionally. 
INTRODUCTION AND DISCUSSION 
A RANGE of conditions of mashing is alredy 
employed in British brewing practice but, 
on average, infusion mashing is conducted at 
a temperature of 150° F., using a rest period 
of about 2 hr., followed by sparging at about 
165° F. for a further period, usually about 4 
hr. The initial ratio of grist to liquor varies 
from one brewery to another but is usually 
1 : 24-28 or, in other words, 33-40%. 
Studies of the influence of several variables, 
such as time, temperature, pH and concen-
tration of the mash3 ' 4 1 7 "0 ' 12 "4 have indicated 
the limits to which departure from con-
ventional conditions might be permissible. 
During these investigations it was found 7 
that worts produced on the laboratory scale 
over 1 hr. at 145° F. at mash concentrations 
usually used in breweries had high fer-
mentabilities but contained somewhat less 
carbohydrate than that potentially available 
from the malt. Extension of the mashing 
period to 2-3 hr., depending on the mash 
concentration (33-50%), increased the yield 
of carbohydrate in many cases to acceptable 
levels, when malts of low nitrogen content 
were used. The fermentabilities of the worts 
so produced were, however, greater than 
usual, presumably because the relatively low 
temperature used throughout permitted the 
A 
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continued action both of amylases (see 
Klaus'1) and of limit dextrinase. 7 
The results of mashing at low temperatures 
under brewing as distinct from laboratory 
conditions were rather different, however, 
as the yield of extract was good when the 
initial temperature of mashing was either 
150° F. or lower. This effect does not 
appear to be due to the small difference in 
pH between laboratory and brewery mashes. 
Even at 140° F. (60° C.) carbohydrate 
recovery was satisfactory when the initial 
period of digestion was 2 hr. Clearly, 
therefore, the sparging process used was 
sufficient to remove efficiently the carbo-
hydrate adhering to the grains. However,  
initial digestion times, in the first place at 
either 140° F. or 150° F., and sparging at 
165° F. for a standardized period of 2 hr. 
(Hall, Harris & MacWilliam5). The results 
of the analyses2 of such a series of worts from 
a Proctor malt sample are shown in Table I. 
An outstanding feature is that, when digestion 
was carried out for only 05 hr. at 140° F., 
the final wort was in fact obtained in greater 
yield than that achieved at 150° F. for 2 hr. 
and was remarkably similar in composition. 
Similar results were obtained when a mashing 
temperature of 145° F. was employed. 
A more comprehensive set of comparative 
trials on curtailed digestion was, therefore, 
carried out with a different malt, which 
TABLE I 




14 ° F. 
Digestion time (hr.) Digestion time (hr.) 
Wort composition 
05 10 15 20 05 FO 15 20 (% wort solids) 
Hexose 7.9 84 85 71 91 98 9.9 9.5 
Sucrose 	.. 	 .. 	 .. 4.5 51 5.0 5•3 5.3 35 42 3.5 
Maltose .. 	 .. 	 .. 406 416 423 431 431 465 473 498 
Trisaccharide 	.. 	 .. 	 .. 	 .. 130 125 135 140 139 150 148 147 
Dextrin 	.. 	 .. 	 .. 	 .. 261 243 227 221 199 164 149 138 
Fermentable carbohydrate .. 	 .. 660 676 692 695 71-5 748 763 77.5 
Nitrogenous material 491 513 509 535 5.57 582 5•76 5.77 
Yield (extract, % dry wt. of malt) 	.. 755 751 742 746 768 768 762 771 
as in the laboratory mashes described 
previously, 7 the fermentabilities of the worts 
produced at the lower temperatures using an 
initial digestion period of 2 hr. were con-
siderably greater than those of the worts 
made at 150° F. (Table I). Under certain 
conditions this might be advantageous (see 
Harris6), but for the present purposes the 
aim was to control the conditions of mashing 
to produce wort of composition close to that 
of conventional wort. In view of the earlier 
findings, the means to achieve this objective 
was to hand by reducing the initial period of 
mashing. Hence, it was anticipated that a 
low yield of wort of high fermentability 
could be produced at first, later to be diluted 
by the more dextrinous spargings produced 
at 165° F. to yield over-all a wort of normal 
composition. 
This possibility was investigated by carry-
ing. out a series of icnashqs using different  
preliminary investigation had shown to give 
satisfactory results when mashed at 145° F. 
The results are shown in Table II as the 
average of 20 conventional and 10 modified 
mashes. It is apparent that the corn-
positions2 of the worts produced by the two 
methods were very similar from the carbo-
hydrate point of view and the fermentabilities 
were hence very close. Again, the total 
extracts and contents of nitrogen compounds 
were similar in the worts produced by the 
different methods although, on average, 
mashing at the lower temperature gave 
slightly smaller extracts in contrast to the 
finding for the first trials (Table I). This must 
be a reflection of the fact, brought out already 
in the study described earlier,' that malts 
differ in their response to mashing at various 
temperatures; however, the small difference 
in the present instance is probably not 
significant commercially. 'iç temperature 
IL 
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at which maximum extraction is achieved 
seems to be a matter for experiment in 
individual cases, but low-temperature mash-
ing is clearly advantageous from the economic 
viewpoint. Certain other trials have shown 
that it is applicable to brewing malts of high 
quality such as would normally be used for 
pale ale brewing and which have D.P. values 
between 15 and 300  L. The influence of 
D.P. of the malt in brewery mashes prepared 
TABLE II 
COMPARISON OF WORTS PRODUCED BY DIGESTION 
FOR If HR. AT 1500  F. AND FOR - HR. AT 145° F. 
Mashing procedure 
150° F. for 145° F. 
Composition of wort 11 hr. for j hr 
Carbohydrates (% wort 
solids:- 
Monosaccharides 	.. 83 (±0.5)* 7•6 
Sucrose . . 	 .. 	 .. 53 (j0.3) 5.0 
Maltose . . 	 .. 423 (+0. 5) 440 
Trisaccharide 	. . 	 .. 138 (±05) 137 
Dextrins 	.. 	 .. 225 (±09) 220 
Fermentability 	.. 	 .. 697 (± 1.0) 702 
Nitrogenous material 48 
Extract (% malt solids) 
	
729 
* Standard deviation. 
at various temperatures has not been 
investigated systematically, but the results 
obtained for laboratory mashes 7 suggest 
that further economy with malts of higher 
D.P. might be effected either by shortening 
the rest period still further or by reducing 
the temperature of digestion, perhaps to 
140° F., as in the first trials (Table I). 
Although the over-all nitrogen contents of 
the worts (Table II) were similar, some 
differences in detailed composition were 
noted. Fractionation by the method of 
Lundin & Schr6derheim13 of the wort pro-
duced at 145° F. showed that fraction B was 
increased at the expense of fraction A, as 
compared with the corresponding analysis of 
the wort made at 1.50° F., probably owing to  
increased proteolysis at the lower tem-
perature (cf. Part X 7). This had the effect, 
incidentally, of causing less precipitation of 
hop resins with the "break," as has been 
described already by Hall. 3 In consequence 
it was found that, to obtain beers of bitter-
ness equal to those produced from con-
ventional worts, about 20% less hops was 
required. The change in balance of nitrogen 
compounds had no deleterious effect on the 
flavour (as evidenced by triangular tasting1 ,9), 
on foam-stability 15 or shelf-life" of the beers 
derived from the worts produced at 145° F. 
Trials which have been conducted on the 
20-30-Qr. scale in commercial breweries have 
confirmed these conclusions. 
Acknowledgement.-The authors thank Dr. 
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When maize flakes, barley flakes, rice flakes, wheat starch or commercial flours 
made from soft wheat were mashed with equal weights of representative malts for 
I hr. at 1500  F. (65.5° C.) and with a mash concentration of 16%, recoveries of carbo-
hydrate in the worts were generally satisfactory. At greater mash concentrations, 
e.g., 50%, carbohydrate extraction even in all-malt mashes was low after 0 hr. How-
ever, the use of adjuncts derived from soft wheat generally gave good recoveries 
when mashing was carried out even at this concentration using a mashing tem-
perature of 150° F. when the duration of mashing was extended to 3 hr. and only 
25% of the adjunct was employed in the grist. On mashes at 045° F. (62.7° C.), recovery 
from wheat flour, barley or rice flakes was less complete than at 050° F. although 
maize flakes gave good yields. Maize starch as expected gave poor yields but a 
sample of pre-gelatinized maize starch gave excellent recovery. 
INTRODUCTION AND DISCUSSION 
THE practice of using a proportion of cereal 
adjuncts, such as maize, rice or barley flakes, 
has increased in recent years so that brewers 
now sometimes incorporate up to 30% of these 
materials into their grists with considerable 
economic advantage. In the U.S.A. and 
Canada the proportion of adjuncts used in 
both brewing and distilling may in some 
instances be as great as 60%. However, the 
effects of using various adjuncts on the proper-
ties and yield of the wort under conditions 
germane to brewing in this country are less 
well known and, accordingly, an investigation 
on this topic is now described. 
From the point of view' of extraction, 
adjuncts should have the advantage of con-
taining more carbohydrate than malt (see, 
TABLE I 





(% dry weight) 
Total 
carbohydrate 
(as glucose % 





Barley flakes 	. . .. 	 . . 11-67 169 682 603 
Maize flakes . . . 1016 136 844 831 
Rice flakes 	.. 	 .. 1421 109 920 902 
Wheat starch 	.. 	 .. 	 .. 1295 007 109•0 985 
Wheat flour 1 	. . .. 	 .. 1286 1'50 909 818 
2 	.. 	 .. 	 .. 12•58 1.50 963 938 
3 	. 	. .. 	 .. 1112 100 989 93.7 
Maize starch 	. . .. 	 .. 1146 <010 1110 940 
Maize starch (pre-gelatinized) 9•04 <010 1110 1000 
1957 Malt, D.P. 28 	.. 	 .. 506 130 706 556 
1957 Malt, D.P. 68 .. 	 . . 7.34 1-31 709 54.7 
1959 Malt, D.P. 33 	. . .. 23 137 772 691 
1959 Malt, D.P. 48 .. 	 .. 5.7 1'37 79'8 698 
Vol. 67, 1961] 	HARRIS AND MACWILLIAM: UTILIZATION OF ADJUNCTS 
	
155 
e.g., review by Lloyd Hind 7). The carbo-
hydrate contents of the adjuncts used in the 
present investigation are shown in Table I, 
those of the maize and wheat derivatives, not 
used conventionally as adjuncts, being par-
ticularly large. All the adjuncts were mashed 
for 1 hr. at 145° and at 150° F. with each 
malt of two pairs. Each pair was prepared 
from the same green malt, itself derived in 
one instance from barley of the 1957 harvest 
and in the other from barley of the 1959 crop. 
Worts derived from all-malt mashes 4 using 
these malts were also prepared (Table II). 
As in a preceding Communcation, 4 the 
recoveries of carbohydrate in these worts 
were good when mashing was effected at 
TABLE II 
ANALYSES OF WORTS PREPARED USING STOCK MALTS ALONE 
Recovery Amino acid 
Temperature of input Fermentable nitrogen 
of mashing carbohydrate sugar (% of Nitrogen (% of total 
Malt used (°F.) (%) total sugar) (mg. per 100 ml.) nitrogen) 
1957, D.P. 28 	.. 	 . 150 986 718 604 338 
1957, D.P. 28 	.. 145 99.3 747 617 34.9 
1957, D.P. 68 	.. 	 . 150 966 782 668 352 
1957, PP. 68 	. . 	 . . 145 981 799 679 366 
1959, D.P. 33 	. 	 .. 150 97•3 723 576 341 
1959, D.P. 33 	. . 	 .. 145 991 772 583 367 
1959, D.P. 48 	. . 	 .. 150 99.4 77'2 589 350 
1959, D.P. 48 	. . 	 .. 145 100.1 805 613 372 
TABLE III 
ANALYSES OF WORTS PREPARED USING MAIZE FLAKES AS ADJUNCT 
Recovery Amino acid 
Temperature of input Fermentable nitrogen 
of mashing carbohydrate sugar (% of Nitrogen (% of total 
Malt used (°F.) (%) total sugar) (mg. per 100 ml.) nitrogen) 
1957, D.P. 28 	.. 	 . . 150 966 721 311 209 
1957, D.P. 28 	.. 	 .. 145 986 752 329 286 
1957, D.P. 68 	. . 	 . . 150 972 784 33.9 316 
1957, D.P. 68 	. . 	 . . 145 995 801 364 365 
1959, D.P. 33 	.. 	 . . 150 996 73.4 289 194 
1959, D.P. 33 	. . 	 . . 145 99•0 75.7 297 209 
1959, D.P. 48 	. . 	 . . 150 993 786 303 212 
1959, D.P. 48 	.. 	 .. 145 984 797 304 220 
TABLE IV 
ANALYSES OF WORTS PREPARED USING RICE FLAKES AS ADJUNCT 
Recovery Amino acid 
Temperature of input Fermentable nitrogen 
of mashing carbohydrate sugar (% of Nitrogen (% of total 
Malt used (°F.) (%) total sugar) (mg. per loOml.) nitrogen) 
1957, D.P. 28 	.. 	 .. 150 962 651 285 221 
1957, D.P. 28 	. . 	 .. 145 879 75.3 329 264 
1957, D.P. 68 	.. 	 .. 150 97•0 74.9 328 308 
1957, D.P. 68 	.. 	 .. 145 930 79.3 378 33.3 
1959, D.P. 33 	.. 	 .. 150 942 722 282 192 
1959, D.P. 33 	.. 	 .. 145 93.7 703 291 179 
1959, D.P. 48 	.. 	 .. 150 969 74.9 271 229 
1959, D.P. 48 	.. 	 .. 145 95.0 778 310 203 
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either 145° or 150° F. at a concentration of 
16%. Adjuncts were used at the high level 
of 50% of the grist which it was anticipated 
would reveal any adverse affects. The 
results are given in Tables III—VIII. 
Maize flakes (Table III) gave very good 
yields of carbohydrate within 1 hr. at either 
145° or 150'F. even with the malts of lower 
D.P. The fermentabilities of the worts from 
the carbohydrate point of view were satis-
factory in every case and in the instances 
where malts of high D.P..were employed, were 
Ricketts, 6 in which yeast growth and hence 
the demand for nitrogenous nutrients is 
greatly restricted. In this connection the 
amino acid nitrogen, which is perhaps more 
significant, was greatest in the worts derived 
from the malt of high D.P. (=68), presumably 
because the mild conditions of kilning used 
to obtain such a malt are conducive also to 
preserving proteolytic enzymes. 
Coming to rice flakes (Table IV) and barley 
flakes (Table V), the former gave recoveries 
generally in excess of 96% when mashed at 
TABLE V 
ANALYSES OF WORTS PREPARED USING BARLEY FLAKES AS ADJUNCT 
Recovery Amino acid 
Temperature of input Fermentable nitrogen 
of mashing carbohydrate sugar (% of Nitrogen (% of total 
Malt used (°F.) (%) total sugar) (mg. per 100 ml.) nitrogen) 
1957, D.P. 28 	.. 	 . . 150 971 67'1 33'3 204 
1957, D.P. 48 	.. 	 .. 150 974 761 34.3 20'4 
1959, D.P. 33 	. . 	 . . 150 982 701 31'2 18'6 
1959, D.P. 33 	.. 	 .. 145 960 756 30'8 I82 
1959, D.P. 48 	.. 	 .. 150 96.0 747 307 21'2 
1959, D.P. 48 	. . 	 .. 145 939 783 328 20'4 
TABLE VI 
ANALYSES OF WORTS PREPARED USING WHEAT STARCH AS ADJUNCT 
Recovery Amino acid 
Temperature of input Fermentable nitrogen 
of mashing carbohydrate sugar (% of Nitrogen (% of total 
Malt used (°F.) (%) total sugar) (mg. per looml.) nitrogen) 
1957, D.P. 28 	.. 	 .. 150 900 671 28'1 185 
1957, D.P. 28 	.. 	 .. 145 909 73.4 326 255 
1957, D.P. 68 	.. 	 .. 150 946 72'0 335 200 
1957, D.P. 68 	. 	 . . 145 904 831 35.5 273 
1959, D.P. 33 	.. 	 . . 150 986 693 271 162 
1959, D.P. 33 	.. 	 .. 145 96'8 714 254 20'9 
1959, D.P. 48 	.. 	 . . 150 988 727 281 210 
1959, D.P. 48 	.. 	 . . 145 981 782 282 277 
greater than usual, indicating, as shown in the 
preceding paper, that the "short-time low-
temperature" mashing method3 would be 
applicable. As expected (see, e.g., Lloyd 
Hind7 ; Hopkins & Burns5) the nitrogen 
contents of the worts were little more than 
half those of the all-malt worts (Table II), 
and the extent to which the adjuncts could 
be used to replace malt in conventional 
practice might be governed by this factor. 
It is noteworthy, however, that the "low-
nitrogen" worts here described form suitable 
substrates for continuous fermentation in the 
"V-tube" fermenter described by Hough & 
150° F., but extraction was less efficient at 
145° F. Recoveries from barley flakes were 
slightly better, but extraction at 145° F. still 
gave lower results even when a malt of higher 
D.P. was used. 
Wheat starch (Table VI) appeared in 
general also to be extracted better at 150° F. 
than at 145° F., but recoveries were in any 
event poor when the malts of the 1957 crop 
were used. The reason for this effect is not 
clear and perhaps can only be ascribed to the 
age of this sample, as extraction was satis-
factory when the malts of the 1959 season 
were employed not only in mashes using 
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wheat starch but also in the mashes des-
cribed below in which wheat flours were used 
in place of wheat starch. 
The wheat flours 1 and 2 (Table VII) were 
of the type normally used for baking, while  
145° F. Fermentabilities were of the usual 
order, being rather greater as expected in the 
worts prepared at 145° F. than in those 
prepared at 150° F. and again greater in those 
worts prepared from malts of higher D.P. 
TABLE VII 
ANALYSES OF WORTS PREPARED USING WHEAT FLOUR AS ADJUNCT 






















(% of total 
nitrogen) 
33 1 150 101•1. 67•7 438 247 
48 1 150 977 73•3 47•2 26•1 
33 1 145 95•1 721 47•9 259 
48 1 145 99•1 75•8 496 274 
33 2 150 102•1 69•5 432 23•3 
48 2 150 99•6 74•1 459 247 
33 2 145 94•9 73.3 482 25•0 
48 2 145 973 752 493 26•2 
33 3 150 992 683 39.0 26•2 
48 3 150 97•9 72•7 40•2 27•1 
33 3 145 956 71•9 43•4 27•7 
48 3 145 983 757 451 283 
TABLE VIII 
ANALYSES OF WORTS PREPARED USING WHEAT FLOUR AS ADJUNCT 











sugar (% of 
total sugar) 
Nitrogen 
(mg. per 100 ml.) 
Amino acid 
nitrogen 
(% of tota 
nitrogen) 
1 33 874 673 195 27•3 
1 48 91•9 70•1 213 29•1 
33* 981 70•7 205 28•2 
2 33 960 693 203 26•4 
2. 48 932 72•1 227 28•8 
2 33t 984 701 211 27•1 
2 481 941 73•3 234 29•3 
3 33 94•6 709 183 26•4 
3 48 966 726 196 28•2 
3 331 984 716 199 27•9 
3 481 980 742 206 29•0 
* Stirred. 	t Temperature allowed to rise to 155° F. 
sample 3 was a classified flour in which the 
nitrogen content had been reduced by 
milling and subsequent separation of the 
dusts (Table I). In all the mashes, in which 
the grist: liquor ratio was 16: 100 as before, 
the extraction of carbohydrate was 95% or 
more but the results indicate that better 
extraction was usually achieved when mash-
ing was carried out at 150° F. rather than 
Maize starch, as expected from its high 
gelatinization temperature, was unsuitable 
for use without pre-gelatinization, giving 
carbohydrate recoveries of only about 60%. 
The pre-gelatinized sample used gave 100% 
recovery of carbohydrates but the mash was 
of such relatively high pH that the fer-
mentabilities of the derived worts were less 
than 40%. For this reason the detailed 
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results are not reported here. Prior adjust-
ment of the pH of the maize starch solution 
to 52 followed by mashing gave good recovery 
of carbohydrate as expected, but the fer-
mentabiity of the wort was still rather low 
at 60%. 
As the concentration of the mash exerts 
considerable influence on the recovery and 
properties of worts derived from malt alone, 3 
it was of interest to discover to what extent 
a similar effect was operative in mashes 
prepared with the aid of adjuncts. As even 
at a mash concentration of 16% yields of 
carbohydrates were in some instances no 
greater than 95% when wheat derivatives 
were used to replace 50% of the malt, at the 
unfavourably large mash concentration of 
50% only 25% of adjunct was used in the 
grist. Under these conditions (Table VIII), 
recovery of carbohydrate was generally well 
over 90% at 150° F. after 3 hr. However, 
in some instances the recovery figures 
reached accepted levels for brewing, say 
96%; only when the mash was stirred or when 
the temperature was allowed to rise to 155° F. 
during the period of mashing. Presumably, 
these recoveries would be improved by 
sparging during brewing in the normal way, 
and in any event—as previous experience 
has shown that recoveries are greater at the 
lower mash concentrations commonly used 
in practice—the wheat derivatives appear 
promising as adjuncts from the point of 
view at least of carbohydrate recovery. On 
the laboratory scale, the wheat proteins did 
not appear to hinder the filtration of the 
mash as is apparently the case with the 
proteins of Canadian hard wheats." The use 
of wheat flours forming no more than 25% 
of the grist therefore appears worthy of 
investigation on the larger scale. If the gluten 
of the soft wheat flours presents no special  
problem under these conditions during 
sparging, then these flours may be acceptable 
as brewing adjuncts without prior concentra-
tion of starch2 as is necessary, e.g., under other 
circumstances. 8 
EXPERIMENTAL 
Materials used.—The malts were those 
described as A and B in Part X.4  Analyses 
of the adjuncts are given in Table I. Barley, 
maize and rice flakes were kindly supplied 
by Messrs. White, Tomkins & Courage of 
Reigate, Surrey. Sample 1 of wheat flour 
was a commercial plain flour. Samples 2 and 
3 were kindly provided by the Association of 
British Flour Millers, Cereals Research 
Station, St. Albans, Herts. Brown & Polson 
Ltd., Wellington House, 125-130 Strand, 
London, supplied the samples of maize 
starch, and granular wheat starch was 
obtained from B.D.H. Ltd., Poole, Dorset. 
Analyses of worts were carried out by 
methods already described. 3 ' 4 
Acknowledgement.—The authors thank Dr. 
A. H. Cook, F.R.S., for his encouragement. 
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390. Syntheses of Peptidyl-nucleotidates including L-ArfJinyl-L- 
alanyl-L-arginyl-L-alanyl Uridine-5' Phosphate. 
By G. HARRIS and I. C. MACWILLIAM. 
Condensation of various peptides with representative nucleoside-5' 
phosphates by means of dicyclohexylcarbodi-imide yields mixed anhydrides 
of the peptides and nucleotides. Application of this reaction to uridine-5' 
phosphate and L-arginyl-L-alanyl-L-argiflyl-L-alanifle (prepared by condens-
ation of with N-nitro-L-
arginyl-L-alanifle benzyl ester followed by removal of the protecting groups 
by hydrogenation) gave L-arginyl-L-alanyl-L--arginyl-L-alanyl uridine-5' 
phosphate, identical with a product isolated from brewer's yeast. 
THE existence in brewer's yeast of nucleotide–peptide compounds containing active 
carboxyl groups (as judged by the formation of peptide hydroxamates) has recently been 
demonstrated. 1 ' 2 ' 3 One such compound was isolated 3  and shown by degradative studies 
to be arginyl-alanyl-arginyl-alanyl uridine-5' phosphate (as I), and in view of the possible 
importance of materials of this nature as intermediates in protein synthesis the preparation 
of representative members of the series was undertaken. --
Reactions were first carried out by methods already available for the synthesis of the 
related adenine compounds (II; R = amino-acid residue). For instance, application of 
Berg's method, 4 as modified by Kingdon, Webster, and Davie, 5 to condensation of 
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(II) (1) 	 ' 
OH OH 
yielded a nucleotide–peptide anhydride (II; R = CH 2 NHCOCHBu'NH 2) in small yield. 
The same product was obtained in rather better, though still small, yield by condensing 
adenosine-5' phosphate with the protected dipeptide, N-(benzylthio) carbonyl-leucylglycine, 
in the same way and then removing the protecting group with ice-cold perbenzoic acid. 6 
In the same manner the corresponding uridine derivative (I) was obtained and the reaction 
was extended to the tripeptide leucylglycylglycine to yield both compounds (I) and (II). 
Further, the dipeptide, L-arginyl-L-alanifle, 7 closely related to the tetrapeptide obtained by 
degradation of the natural peptide–nucleotide anhydride of yeast, was readily condensed 
with uridine-5' phosphate. 
All the peptide–nucleotide anhydrides (I and II) prepared gave a characteristic red 
colour with ninhydrin reagent on paper and a strong red-brown colour due to the formation 
of a ferric hydroxamate on treatment with hydroxylamine followed by ferric chloride 
under controlled conditions (cf. ref. 8). The products of degradation of the leucyiglycine 
derivatives (I and II) and the arginylalanine derivative (I) by hydroxylamine were (a) the 
peptide portion bearing the hydroxamate group and (b) the respective nucleotides. 
Analysis of the anhydrides by complete hydrolysis showed them to contain equimolar 
proportions of nucleotide and amino-acids. As, moreover, they bore a net positive charge 
at pH 40, migrating towards the cathode like the simple amino-acyl adenosine phosphates 
on electrophoresis at this pH, had ultraviolet absorption of the same type as the corre-
sponding nucleotides, and reacted with periodate through the cis-2'- and 3'-hydroxyl 
groups,9 it follows that they have the structures shown. The 3'-phosphates of adenosine 
and uridine also condensed with peptides to give analogous phosphoric amino-acyl 
anhydrides which, however, failed to react with periodate. 
With this experience the synthesis of the tetrapeptide compound mentioned above 
was undertaken. The parent tetrapeptide had not previously been prepared. 10 The 
precursor, arginylalanine, had been prepared 7  from 
arginyl-L-alanine methyl ester (III; R = Me, R' = CO0'CH 2Ph), but in the present work 
the more readily accessible benzyl ester (III; R = CH 2Ph, R' = CO0CH 2Ph) was 
preferred: Condensing L-alanine benzyl ester with 
02NN 	NHR' 	Me 	 R"N 	NHR' 	Me 	 Me 
11 I 1 11 I I 
HNCNH[CH2] 3 CHCONHCHCO 2 R 	H oNC.NH[CH 2]CHCONHCHCONH'5HCONHCHCO2R 
(Ill) 	 (IV) 	 [cH2 ] 3.NH.cj:NR" 
NH 2 
L-arginine 11  by means of dicyclohexylcarbodi-imide 12 gave the new ester (III; R = 
CH 2Ph, R' = CO0CH2Ph) in better yield than was given by the mixed anhydride 
method.' After hydrolysis of the ester group by alkali the benzyloxycarbonyl group was 
smoothly and selectively removed by treatment with dry hydrogen chloride in carbon 
tetrachloride,' 1 to give N-nitro-L-arginyl-L-alanine benzyl ester (III; R = R' = H). 
Combination of the acid (III; R = H, R' = CO0CH 2Ph) with the ester (III; R 
CH2Ph, R' = H) by means of dicyclohexylcarbodi-imide afforded crystalline N-benzyl-
oxycarbonylN-nitro-L-arginyl-L-alanyl-N-nitro-L-argiflyl-L-alaflifle benzyl ester (IV; 
R = H, R' = CO0CH2Ph, R" = NO2) and thence by hydrogenation the required tetra-
peptide (IV; R = R' = R" = H). Direct condensation of this tetrapeptide with uridine-
5' phosphate as in the reactions above (cf. ref. 4) gave a complex mixture from which a 
compound was isolated having properties identical with those of the naturally occurring 
material from brewer's yeast .3  
EXPERIMENTAL 
Adenine-5' L-Leucylglycyl P/wsphae.—(a) Adenosine-5' phosphate (190 mg.) and L-leucyl-
glycine (1-04 g.) were dissolved in a mixture of N-hydrochloric acid (5.5 ml.), pyridine (44 ml.), 
and water (76 ml.) at 00  and dicyclohexylcarbodi-imide (2.0 g.) was added with stirring. The 
mixture was kept for 3 hr. at 00,  then ice-cold acetone (500 ml.) was added. The precipitate was 
immediately filtered off, dried for 1 hr. in a vacuum, and extracted with 0dM-acetate buffer at 
pH 50 (10 ml.). The extract was evaporated in a vacuum at room temperature. The residue 
was dissolved in a small amount of water and placed on two Whatman 3MM papers, each 
10 cm. wide, for electrophoresis in acetate buffer at pT-i 40 with a voltage gradient of 10-
15 v/cm. overnight. The material which combined the properties of reacting with hydroxyl-
amine to form a hydroxamate, 8 giving a red colour with ninhydrin reagent, and migrating 
towards the cathode, as located by guide strips, was eluted from the papers by means of cold 
water, and the solution was dried lyophilically. The resulting solid was dissolved in a little 
water and chromatographed on Whatman 3MM paper in butanol—acetic acid—water (4: 1: 1). 
The required material was located by its reactions with hydroxylamine and ninhydrin in a band 
having RF  027 in the above solvent and R F  0'20 in ethyl acetate—propan-1-ol—water (2: 7: 1) 
(containing 5 ml. of acetic acid per 1. to prevent decomposition of the product). It was 
eluted by means of cold water, and the solution was freeze-dried. 
(b) Adenosine-5' phosphate (30 mg.) and N-(benzylthio)carbonyl-DL-leucylglycine (135 mg., 
see below) were dissolved in pyridine (4.2 ml.) and water (045 ml.) at 00,  whereafter dicyclo-
hexylcarbodi-iniide (1-8 g.) was added. The mixture was cooled to —10° and kept for 1 hr. 
Ether (30 ml.) was added and the precipitate collected and dried in a vacuum. It was then 
extracted with 0Olx-hydrochloric acid (1 x 10 ml.; 2 x 5 ml.), and the solution was treated 
at 00  with perbenzoic acid (100 mg.) in water (12 ml.) and kept at 00  for 20 mm. The mixture 
was extracted with cold chloroform, and the aqueous phase freeze-dried. Further working up 
by electrophoresis and chromatography was effected as under (a). 
Analysis of the product was carried out as described in detail 3 for the nucleotide—peptide 
compound from yeast. The molar ratios found were adenosine-5' phosphate: leucine: glycine= 
10: 13 :10. 
DL-Leucylglycyl Uridine-5' Phosphate.—Uridine-5' phosphate (30 mg.) and N-(benzylthio)-
carbonyl-DL-leucylglycine (135 mg.) in pyridine (4.2 ml.) and water (0.28 ml.) were 
condensed as above by means of dicyclohexylcarbodi-imide (1.8 g.), and the product, 
presumably consisting of a mixture of diastereoisomers, was worked up as for the 
corresponding adenosine compound. Analysis of the product gave the molar ratios 
uridine-5' phosphate: leucine: glycine = 092: 10: 0•80. 
Similar condensations with DL-leucylglycylglycine and its N- (benzylthio)carbonyl derivative 
(see below) together with either adenosine-5' or uridine-5' phosphate gave analogous products; 
uridine-5' phosphate reacted with glycine or leucine to give the respective amino-acid deriv -
atives. Degradation with hydroxylamine and characterisation of the products was effected as 
described earlier. 3 
N-(BenzyUhio)carbonylglycine.—Glycine ( 0.6 g.) and sodium hydrogen carbonate (1.68 g.) in 
water (12 ml.) at 00  were treated dropwise with stirring with S-ben zylthioformyl chloride 13 
(1.1 ml.) in dioxan (8 ml.). After 1 hr. the mixture was acidified with 5N-hydrochloric acid, 
concentrated, and kept at 0°. The product separated as plates, m. p.  135-136° (Found: 
N, 60; S. 143. Caic. for C 10H11NO3S: N, 62; S, 14.2%). McCorquodale and Mueller 6  give 
m. p. 1535° for needles, presumably polymorphic with the product described here. 
N-(Benzylthio)carbonyl-DL-teucylglycine.—DL-Leucylglycine (50 g.) and sodium hydrogen 
carbonate (61 g.) in water (70 ml.) were treated, as above, with S-benzylthioformyl chloride 
(56 g.). The upper oily layer was separated and the aqueous solution extracted with ether, 
after which the clear aqueous layer was acidified to pH 2 and kept at 0° overnight after seeding. 
The product (50 g.) (m. p.  175-176°), together with a further crop (0.25 g.) from the mother-
liquor, recrystallised from ethanol as needles, m. p.  177° (Found: C, 564; H, 68; N, 84; S, 
9•1. C16H22N204S requires C, 568; H, 65; N, 83; S, 9.5%). 
N-(Benzylthio)carbonyl-L-leucylglycine.—This compound was obtained in the same manner as 
the DL-isomer and recrystallised from aqueous ethanol as needles, m. p.  109-111° (Found: N, 
78. C16H 12N204S requires N, 83%). 
N- (Benzylthio) carbonyl-DL-leucylglycylglycine.—Prepared by the above procedure, this 
peptide recrystallised from aqueous ethanol as needles, m. p.  148-150° (Found: N, 101; S. 
78. C18H 25N30 5S requires N, 106; S. 81%). 
NeNii roLarginine._This was prepared by the method of Hofmann, Peckham, and 
Rheiner I and recrystallised (yield 60%) from hot water. It had m. p.  253-254°, 10.]D 20 +23° 
in 2N-HC1 (lit.,7 M. p. 262°, [oc] D 23 +243° in 2N-HC1). 
(4.5 g.) was treated with 
benzyloxyformyl chloride 14  (9 g.). The product, recrystallised from aqueous ethanol (3.8 g., 
52%), had m. p.  127-128°, []7  —4° in MeOH (lit., m. p.  134-136°, [] 27 —35° in MeOH, 7 
m. p. 126° 14) 
L-Alccnine Benzyl Ester.—The hydrochloride was obtained 15  as needles (78%) from methanol—
ether. It had m. p.  137-138°, []D22 - 13' in MeOH (Erlanger and Hall 
15  give M. p. 140°, 
[c] - 148°). The free base was prepared by dissolving the hydrochloride in water, adjusting 
the pH of the solution to 9 with sodium carbonate solution, extracting the mixture with ether, 
evaporating the ether layer to dryness, and dissolving the residual syrup in tetrahydropyran 
(see below). 
Beuzyl Ester ( III; R = CH 2Ph, R' = 
CO0CH 2Ph).—The preceding ester (1.70 g.) in tetrahydropyran (20 ml.) was mixed with 
(1.29 g.) in the same solvent (10 ml.).. Dicyclohexyl-
carbodi-imide (1.0 g.) was added and the mixture shaken at room temperature for 5 hr. and 
kept overnight at 0 ° . Acetic acid (1 ml.) was added, the mixture shaken and left aside for 
0•5 hr., and the precipitate of dicyclohexylurea filtered off and washed with ethyl acetate. The 
solvent was removed from the filtrate and the resulting residue redissolved in ethyl acetate 
(100 ml.), washed successively with N-hydrochloric acid, water, N-sodium hydrogen carbonate, 
and water, and dried (Na 2SO4). The peptide (2.0 g., 81%) crystallised from aqueous ethanol as 
plates, m. p. 163 0 , [a]  —11 0 in MeOH (Found: C, 557; H, 60; N, 16.1. C241­130N607 requires 
C, 560; H, 58; N, 16.3%). 
N°-Benzyloxycarbonyl-N-nitro-L-arginyl-L-akenine ( III; R = H, R' CO0C1-1 2 Ph) —The 
preceding dipeptide ester (08 g.) was shaken with 0•5N-sodium hydroxide (10 ml.) for 1 hr. at 
room temperature, and the solution was then neutralised with hydrochloric acid and extrac-
ted with ethyl acetate (3 x 50 ml.). The extracts were washed with water (2 x 25 ml.), 
dried, and evaporated to dryness. The residue crystallised from aqueous ethanol (0.59 g., 
88%) and had m. p.  206-207°, [0C]D20  —4° in pyridine (Hofmann et al. 7 give m. p. 207-208°, [ce]° 
—59°) (Found: N, 22•7. Caic. for C 11H23N505 : N, 229%). 
L-Arginyl-L-alanine ( III; R = R' = H). L-Alamne benzyl ester (0.2 g.) in methanol 
containing 10% of acetic acid was hydrogenated over 10% palladium—charcoal as described by 
Hofmann et al. 7 After removal of the catalyst and solvents the dipeptide was isolated as the 
acetate and was recrystallised from aqueous ethanol. It had m. p. 170-171 ° , [tx]020 +780 . 
Hofmann et al. 7 found m. p.  173-174°, [0]023 +97°  in H 20. 
L-A rginyl-L-alaflyl Uvidine-5' Phosphate.—L-Arginyl-L-alanine (60 mg.) and uridine-5' 
phosphate (52 mg.) were dissolved in water (1.2 ml.), N-hydrochloric acid (0.8 ml.), and pyridine 
(8 ml.) and cooled to 0°. Dicyclohexylcarbodi-imide (300 mg.) in pyridine (4 ml.) was added 
and the mixture was treated as described above for L-leucylglycyl adenosine-5' phosphate. 
After separation from unchanged uridine-5' phosphate by electrophoresis on paper, the product 
was isolate by freeze-drying, as a glass (40 mg). It migrated to the cathode during 
electrophoresis in acetate buffer at pH 4 and with hydroxylamine gave a hydroxamate. 8 
The following molar ratios were found: uracil: ribose: phosphate: arginine: alanine = 
1•18: 1-02: 1-0: 085: 092. With sodium metaperiodate under our usual conditions 9 im-
mediate uptake of the reagent was observed. 
N-Nitro-L-avginyl-L-alanine Benzyl Ester (III; R = CH2Ph, R' = H) .—N-Benzy1oxv-
carbonyl-N-nitro-L-arginyl-L-alanine benzyl ester (0.5 g.) was dissolved in carbon tetrachloride 
(20 ml.), and dry hydrogen chloride was passed through the solution for 0.5 hr. The solution 
was then poured into dry ether (100 ml.) to precipitate the product as hydrochloride. This 
separated from methanol—ether as needles (0.25 g., 61%), m. p.  171-173°, [0e] 0 - 10° in MeOH 
(Found: C, 466; H, 55; N, 20-1. C 16H25ClN6O5 requires C, 462; H, 58; N, 20.2%). 
N-Benzyloxycarbonyl-N-nitro-L-argin'yl-L-alanyl-N-nitro-L-arginyl-L-alanine Benzyl Ester 
(IV; R = CH 2Ph, R' = CO•0•CH 2Ph, R" = NO 2).—N-Benzyloxycarbonyl-N'-nitro-L-arginy1-
L-alanine (0.21 g.) and the preceding ester (0.19 g.) in tetrahydropyran (10 ml.) were shaken for 
5 hr. with dicyclohexylcarbodi-imide (0.2 g.) and treated as above. The tetrapeptide ester 
separated from aqueous ethanol as plates (031 g., 79%), m. p.  212-213°, [ce]019 —5-6° in MeOH 
(Found: C, 50-7; H, 58; N, 209. C 33H46N 12O11 requires C, 504; H, 59; N, 21.4%). 
L-Argvnyl-L-alaflyl-L-arginyl-L-alanine ( IV; R = = R" = H).—The last-mentioned 
product (0.2 g.) was hydrogenated as described above for L-arginyl-L-alanine. The solvent 
was removed by evaporation to leave the free tetrapeptide as an amorphous powder (0.11 g., 
81%), [o]0 +78°. in H20 (Found: C, 45-1; H, 75; N, 24•1. C 18H36N1005 ,2CH3 CO0H requires 
C, 446; H, 75; N, 23.7%). 
L-A rginyl-L-alanyl-L-arginyl-L-alanyl Uridine-5' Phosphate.—The above free tetrapeptide 
(50 mg.) in N-hydrochloric acid (0.5 ml.) was mixed with uridine-5' phosphate (26 mg.) in water 
(0.5 ml.) and pyridine (5 ml.) and cooled to 0 ° . Dicyclohexylcarbodi-imide (0.2 g.) in pyridine 
(1 ml.) was added. The mixture was treated as described for L-leucylglycyl adenosine-5' 
phosphate and then subjected to electrophoresis in acetate buffer at pH 4 for 4 hr. at 10 rn 
(see above). A zone on the electrophoregrarn containing materia which migrated ca. 2 cm. 
towards the cathode and with hydroxylamine formed a product yielding a ferric salt was 
separated and eluted from the papers with 50% aqueous ethanol. After removal of 
the solvent under reduced pressure at 10°, a glass (10 mg), [ce] 0 +11-2 ° in H20, was 
obtained which analysis 3 showed to contain uracil, ribose, phosphate, arginine, and 
alanine in the ratio FO: 0-9: 14: 19: 18. The material behaved as a homogeneous substance 
when subjected to electrophoresis as above or to chromatography in acidic solvents [butanol-
acetic acid—water (4: 1 : 1); acetone-30% acetic acid (1: 1); 16  or ethyl acetate—propan-1-ol-
water (2: 7: 1)], and had the same mobilities as the natural material. Treatment with amino-
peptidase gave the products 3  obtained also from the natural compound. 
The authors thank Dr. A. H. Cook, F.R.S., for his advice and encouragement throughout 
the investigation. 
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An automatic method for estimating sugars has been developed in a form capable 
of application in brewing analysis. Further, a rapid means of assessing the concen-
trations of total fermentable sugars in wort has been worked out, this method being 
based on the observation that a linear relationship exists between the total amount 
of fermentable sugar in a wort and its reducing power as measured automatically 
using potassium ferricyanide. 
INTRODUCTION 
RECENT years have seen considerable develop-
ments in automatic methods of analysis. 
These advances have mostly been designed 
either (a) to deal with large numbers of the 
same type of estimation, or (b) for the pur-
poses of plant operation where information 
obtained by analysis in situ is fed to suitable 
apparatus to effect the necessary control. 
Constant temperature 
dialyser 38°C. 
In the brewing process, continuous recordings 
of temperature and pH are now common-
place, and some breweries use turbidity 
instruments in order to monitor the filtration 
process. Current interest in continuous 
brewing raises the question of what analytical 
information may be needed at various stages 
of the process and how such information can 
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Fig. 1.—Flow diagram for automatic analysis-. 
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TABLE I 
COMPARISON OF Two METHODS FOR DETERMINING THE TOTAL CARBOHYDRATE 
AND FERMENTABLE SUGAR CONTENTS OF WORTS AND BEERS 
(Results as glucose, g. per 100 ml.) 
Autoanalysis Chromatography 
Description of Total Fermentable Total Fermentable 
samples carbohydrate sugar carbohydrate sugar 
Wort (WI) 	.. 	 .. .. 1028 7•69 1023 7.97 
Wort (W2) .. 	 .. .. 983 763 9-88 7-80 
Wort (W3) 	.. 	 .. .. 10-50 8-81 1082 8-67 
Partly fermented wort (W2) .. 7-92 5-51 8-12 5-80 
Partly fermented wort (W2) . 	 . . 5-72 3.57 5.95 3-67 
Partly fermented wort (W2) .. 472 2-63 4.99 2-68 
Beer (W2) 	.. 	 .. 	 .. 39 1•85 3-97 1-75 
Beer (W2) 	. . 	 . . 	 . . . 	 . 300 067 3-02 0-83 
Wort (W4) 	.. 	 .. .. 9-16 6-86 - 	 9•52 7-15 
Partly fermented wort (\T4) 1 3-72 1•62 3-65 1-45 
2 477 2-63 4•77 2-51 
5-50 3-17 5-60 3-20 
5•91 3-68 6-05 3•76 
5 6-32 4-07 6-30 4-12 
6 6-54 43 6-52 4-41 
7 6-19 3-86 6-33 3.91 
8 5•39 3-26 5-71 3•31 
9 6-31 	I 3-95 8-50 4-06 
10 4-85 2-68 5•04 266 
11 4-81 2-61 4-88 2-59 
12 4-48 2-44 4-38 2-29 
131 443 2-48 4-48 2-48 
14 4.10 2•38 4-25 2-40 
151 4•27 2•41 4-16 2-40 
161 3-64 2-06 3•77 2-11 
be used for control of the process. However, 
it may be envisaged that the value of rapid 
automatic techniques is not limited to 
continuous operation and will find application 
in the traditional processes. 
The present account deals with estimations 
of the fermentability of worts and their 
contents of fermentable sugars, which hither-
to have been possible only by quite lengthy 
or complicated procedures. 2 . 3 
EXPERIMENTAL 
Comparisons were made between the 
analytical values for sugars in worts obtained 
on the one hand by a combination of chro-
matography and colorimetry, 3 and on the 
other by colorimetric evaluation of the 
reducing action of sugars on alkaline potas-
sium ferricyanide. In the latter case, 
estimations were made using the system of 
analysis (see Fig. 1), embodied in the Tech-
nicon Au!oAnalyzer which includes the 
following stages:— 
(I) automatic sampling by suction using 
a peristaltic pump; 
() dilution of the sample with water to 
give an appropriate concentration of sugars 
for subsequent colorimetric evaluation; 
passage of the sample and. the reagent 
in constant proportions to a dialyser in which 
the simple sugars pass through the membrane 
into the reagent stream; 
heating of the mixture of sugars with 
the reagent to effect reduction; and 
measurement of the resultant diminu-
tion in colour of the alkaline potassium 
ferricyanide in a flo.'-colorimeter, with 
continuous recording of the results expressed 
as equivalents of glucose. 
The system is calibrated by the periodic 
inclusion of standard solutions of glucose. 
The actual procedure employed is a 
modification of one described for the estima-
tion of glucose in fluids such as blood and 
urine.' To deal with wort, it is necessary to 
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dilute the sample, taking account of the 
range of specific gravity encountered, and 
to omit the sensitization of the colorimetric 
reaction with potassium cyanide which is 
employed in the earlier method. 
Three series of comparative measurements 
were made. In the first place, values for 
percentage fermentability were obtained on 
the one hand by (a) the automatic instrument 
using samples treated with maltase from 
Saccharomyces cerevisiae to give values for 
fermentable sugars, and with dextrinase 
from Asergillus sp. (Mylase P) to give values 
for total sugars, 4 and on the other by 
(b) colorimetry with anthrone. 3 The samples 
used in this case were obtained from separate 
brews and represent unfermented worts, 
partly fermented worts and finished beers as 
prepared by conventional means. Results 
of this comparison are given in Table I, A. 
For the second comparison (Table I, B), 
a series of samples was obtained from a 
fermenting vessel operated under continuous 
conditions, and thus values were obtained 
for the same wort at different stages of 
fermentation. Finally, the direct reducing 
value of wort towards alkaline potassium 
ferricyanide measured automatically was 
compared with values for fermentable sugars 
obtained after enzymic treatments as used 
in the previous cases. Results are presented 
in graphical form in Fig. 2. 
In order to deal with the various types of 
sample conveniently, it was necessary to take  
account of the varying concentrations of 
reducing sugars and to dilute the samples 
with water accordingly. Thus, for wort 
which contained the equivalent of 3-5% of 
glucose in terms of reducing power, dilution 
was carried out in the apparatus at the rate 
of 1 part of wort in 78 parts of water. Partly 
fermented worts which contained 1.0-1.7% 
of equivalent glucose were diluted to 25 times 
their volume with water. The enzymic 
treatment of worts involves dilution to 11 
times their original volume, so that on 
introducing treated worts into the automatic 
apparatus a further dilution with 12 times 
their volume of water was sufficient; this 
rate of dilution also proved to be suitable in 
the analysis of beers 
DISCUSSION 
From Table I it is seen that for a range of 
worts and beers, the values for total carbo-
hydrate obtained automatically after treat-
ment with My14se P were in good agreement 
with those obtaihed by the anthrone pro-
cedure. Indeed, although the former tended 
to be slightly lower than the latter, the 
magnitude of the discrepancies was less than 
might have been anticipated for the anthrone 
method itself. 3 In the case of fermentable 
carbohydrate as determined automatically 
after treatment with maltase, the degree of 
divergence from the anthrone values was 
somewhat greater. Nevertheless, the differ-




















Fermentable sugars (% glucose equiv.) 
Fig. 2.—.Correlation between ferricyanide reducing power and % of 
fermentable sugars. 
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was still less than would be expected for the 
anthrone method itself. 
Turning now to the values in Table I, B, 
it is seen that the ranges of 'differences 
between values obtained by the alternative 
techniques are much the same as in Table 
I, A, although twice as many samples were 
examined. However, closer agreement was 
found for a greater proportion of the results 
than in the former case, and it appears that 
for the examination of a single wort at 
different stages of fermentation there is little 
to choose between the techniques in respect 
of accuracy. On the other hand, from the 
points of view of convenience and speed, 
the automatic procedure has very consider-
able advantages. 
The results presented in Fig. 2 demonstrate 
a linear relationship between the reducing 
powers of wort or beer towards ferricyanide 
estimated automatically and their content of 
fermentable sugars. It will be seen that 
multiplication, of the reducing value (ex-
pressed as equivalent glucose) by a factor 
(2.14) gives an' estimate of the concentration 
of fermentable sugars. At first sight it 
appears that this correlation must be 
fortuitous, as wort contains (a) sucrose which 
is fermentable but has no reducing properties, 
and (b) dextrins which, though not ferment-
able, have slight reducing properties. More-
over, glucose and fructose—which have 
greater reducing potentials than maltose—
are normally each present in amounts which 
represent 5% of the total carbohydrate and 
disappear rapidly during fermentation, as 
does sucrose also. Thus, very soon after 
the start of fermentation none of these 
sugars (glucose, fructose, sucrose) is present 
in appreciable concentrations, and the re-
ducing power is derived almost entirely from 
maltose and maltotriose. 
Two factors can be put forward in explana-
tion of the observed relationship. First, as 
unfermented worts conform with the linear 
correlation found for partly fermented worts, 
the greater reducing power exhibited by 
glucose and fructose in comparison with 
maltose and maitotriose, on a "weight per  
reducing group" basis, may compensate for 
the presence of non-reducing sugars in 
unfermented worts. Secondly, it has to be 
borne in mind that the dialysis stage in the 
automatic process is not carried to com-
pletion, and that the various sugars dialyse 
at different rates dependent on factors such 
as molecular size. Thus, the observed 
correlation may arise purely as a result of 
automatic analysis. Nevertheless, it affords 
a very rapid procedure for estimating the 
concentration of fermentable material in a 
particular wort and might be used as a means 
of control in continuous production, giving 
a result which is available within 10 mm. of 
sampling. 
For many investigational purposes, and 
probably as a means of control of fermënta-
tion, the above correlation would be suffi-
cient. However, from the point of view of 
estimating the percentage conversion in the 
mash tun and for the control of continuous 
mashing, it may be envisaged that a further 
value—the total carbohydrate content—
would need to be known. Attempts to 
adapt a generalized enzymic procedure 4 for 
use in the AutoAnalyzer failed because 
copper oxide from the Barfoed reagent was 
deposited in the transport tubes. Moreover, 
it has not so far proved possible to effect a 
sufficient rate of enzymic hydrolysis using 
a delay coil in the instrument. However, 
the advent of new types of tubing which are 
resistant to strong acids may make feasible 
the use of acids to effect complete hydrolysis. 
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Paper electrophoresis can be used to differentiate hop resins including humulone, 
lupulone, hulupone and their oxidation and conversion products, and satisfactory 
conditions for such separation are described. 
.27. 
A CONVENTIONAL type of apparatus (A. B. 
Foster, Chem. & Ind., 1952, 828) was used, 
employing a mixture of methanol (3 parts) 
and 0'2-M acetic acid—sodium acetate buffer, 
pH 50 (1 part) in the electrode vessels. 
Portions (0.01 ml.) of 2% solutions in 
methanol of authentic samples of humulone, 
lupulone, hulupone (sodium salt), humulinic 
acid and a freshly prepared sample of iso-
humulone A isolated by the method of G. A. 
Howard (this Journal, 1959, 417) were applied 
directly to strips of Whatman No. 3 filter 
paper. Using a voltage gradient of 10-20 v. 
per cm. to produce a current of 5 milliamp., 
the resins migrated, as expected, towards the 
anode. The compounds were detected on 
the paper using a Hanovia lamp with a 
TABLE I 
ELEcTR0PH0RETIc MOBILITIES OF Hop RESINS AND 
DERIVATIVES 
(Methanol-acetate buffer, pH 5, 10-20 V. per cm.; 
5 milliamp.) 
Distance 	RHumulone 
travelled in value 
3 hr. 	(Humulone 
Compound 	 (cm.) = 1)  
Humulone 	.. 	 .. 151 1 
Hulupone .. 	 .. - 	 142 0•94 
Isohumulone .. 	 .. 107 0'71 
Humulinic acid .. 105 070 
Lupulone 	.. 	 .. 102 068 
Woods glass filter emitting light of 254 m. 
under which the resins showed a red fluores-
cence. The results in Table I give the 
distances travelled by the resins in 3 hr., 
and show that the rates of movement of the 
various substances are in the order: humulone 
> hulupone > isohumulone > humulinic 
acid > lupulone. Light petroleum extracts 
of hops when subjected to electrophoresis 
as described above were found to contain 
zones corresponding to humulone and lupu-
lone and to many other materials exhibiting 
blue and yellow fluorescences under ultra-
violet light. Examination of light petroleum 
extracts of worts and beers, including a 
number from commercial sources, revealed 
that these contained isohumulones (repre-
senting over 70% of the total material 
present in the extracts) and hulupone (cf., 
L. 0. Spetsig & M. Steninger, this Journal, 
1960, 413) together with material which was 
almost immobile under the conditions em-
ployed and which showed a light blue 
fluorescence under ultraviolet light. The 
extracts of worts appeared to contain in 
addition small amounts of humulone. 
The method here described is therefore of 
considerable value in achieving separations 
of materials otherwise separable only with 
difficulty and, it is anticipated, will simplify 
the study of the hop resins in all their phases 
of development and transformation both in 
the plant and in the brewing process. 
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Aufomatische Kohiehydrafanalyse in der Brauerei 
Von J. R. Hudson und I. C. MacWilliam 
Brewing Industry Research Foundation, Nuffield/England 
VERLAG HANS CARL / NURNBERG 
o Einführung 
Die Möglichkeit eines Wechseis von periodischer zu 
kontinujerlicher Arbeitsweise in der Brauindustrje 
wirft verschiedene analytische Probleme auf. Eines der 
Hauptziele dieses Uberganges ist es, die Qualitäts-
kontrolle viel starker mit dem ProduktionsprozeI3 zu 
koppein, als dies bet den herkömmlichen Verfahren 
moghch war. Im Idealfali soilte die geringste Abwei-
chung von der angestrebten Qualität sofort erfa1t 
werden, so daI3 die nätigen Gegenmal3nahmen sofort 
ergriffen werden können. Aus diesen Gesichtspunkten 
ergibi sich die Notwendigkeit, schneile und automati-
sche Analysenmethoden zu entwickeln. Der ,,Auto-
ana lyser *) hilft uns das Problem einer laufenden Re-
gistrierung der auftretenden Kohlehydratkonzentra-
Uon zu l6sen. Zusätzlich soil gezeigt werden, daI3 die 
automatische Analyse auth die bei periodischer Ar-
beitsweise anfallende Untersuchungsarbeit wertvoll 
ergänzt, xnsbesondere, wenn man für neue Rohstoffe 
die optimalen Maischbedingungen herausfinden will. 
1 Beschreibung des Gerätes 
Die Wirkungsweise des Autoanalysers ist am 
besten anhand der Abbildungen 1 und 2 zu ver- 




Abb. 2 Gesamtansicht der Appa rat a 
*) Herstefler: Technicon GmbH., Frankfurt M.. Eschen-
heimer Anitige 2a. 
steheji. Gewiss€rmal3en cine Schlusselstellung nimmt 
die peristaltische Pumpe A em, die für eine gleich-
bleibende Dosierung von Proben und Reagenzien sorgt. 
Die Dosiermengen hängen dabei von den Querschnit-
ten der Plastikleitungen ab. Urn ein Entmischen zu 
verhindern, werden die flielienden Materialien in kur-
Zen Absthnden mit Luftblasen durchsetzt. Zur Be-
stimmung der reduzierbaren Zucker muf3 die Probe 
auf cine geeignete Konzentration gebracht, mit alka-
Iischer Kaliumferrizyanidlosung vermischt und zur 
Reduktion erhitzt werden. Hierzu werden die einzel-
nen Proben vom Drehteller B genornrnen, mit Was-
ser aus dem GefhI3 C vermischt und im Dialysator D 
an einer Dialysiermembrane vorbeigepumpt. Entlang 
der anderen Seite der Membran nimmt alkalisches 
Ferrizyanid (aus dem Behälter E) die aus der Probe 
diffundierten niedrigen Zucker auf. Die Restprobe mit 
den nicht benötigten Substanzen (Proteine usw.) wird 
vervorfen, der Reagenzstrom passiert zur Reduktion 
ein Heizbad F und gelangt in das Kolorimeter G, wel-
ches mit dem Schreiber H in Verbindung steht. Em 
Schema der Apparatur ist in Abb. 1 zu sehen. Man 
muI3 sich unbedingt darüber im kiaren sein, daB die 
Dialyse unvollstandig ist und dali die Brauchbarkeit 
theses Analysens stems von der exakten Reproduzier-
barkeit aller mechanischen Vorgänge abhangt, was 
maschinell volikommener zu erreichen ist, als durch 
elne Bedienungsperson. Die quantitative Auswertung 
der Schreiberanzeige wird mit Hilfe der Linien von 
Standardldsungen vorgenommen, die von Zeit zu Zeit 
c{urch den Apparat geschickt werden. 
2 Brautcchnjsche Anwendung 
2.0 Maischprozell 
Der Autoanalyser kann für Routineuntersuchun-
gen wie zur tieferen Erforschung der Vorgänge beim 
Maisehen herangezogen werden. Mit Hilfe der be-
schriebenen Ferrizyanidreaktion mit Zucker kann die 
Bildung vergärbarer Zucker nahezu unmittelbar ver-
folgt werden. Zu diesem Zweck wurde die Apparatur 
auf einem Wagen montiert (Abb. 3); die Probenlei-
tung fdhrte direkt in den Maischbottich (rechts oben) 
elner Versuchsbrauerei. Die kontinuierliche Probe-
nalimc aus dem Maischgefafl brachte anfanglich einige 
Schwierigkeiten mit sich. Direktes Pumpen kam offen-
sichtlich nicht in Frage, da die Probenleitungen durch 
kleine Schrotteile verlegt wurden. Es mulite ein Pro-
benhehalter angebracht werden, der durch eine Lage 
Dixon Gazeringe und eine 120-Masehen-Gaze ge-
chützt ist. Bei der praktischen Anwendung werderi 
in 2 Leitungen je 0,3 ml/Min. aus dem Probenbehälter 
ahgeleitet, so daB der voile Inhalt von 0,5 ml in weni-
er als einer Minute ergänzt wird. Die kiare Würze 
\v!rd dann durch den Autoanalyser gepumpt und 
der Analvsenvorgang ist dci' gleiche wie oben. 
An den Abb. 4-6 werden beim Maischen dremer 
verschiedener Schrote Extraktion und Verzuckerung 
verfolgi. Abb. 4 zeigt den Verlauf für eine Mischung 
aus 50 (J unvermdlztem Weizen und 50 % Malz mit 
einer diastatischen Kraft von 80 Lintnergraden, ge- 
_4b. .J 	 .1 	chiii .o i1c. Au(uunuiy 	itt 
bott.ch der Versuchsbrauerei 
.4b. •' Zunahme con i'ergärbaren Zuckern und Dichie 
beim Maischprozej3 
maischt bei 63 ° C. Die Extraktion, veranschaulicht 
durch die Dichtekurve, ist nach ungefhr 25 Minuten 
beendet, die Vei'zuckeung in 55 Minuten praktisch 
volizogen. 
Wurde zum Vergleich (Abb. 5) der Maizanteil der 
Schuttung durch ein MaIz mit 100 L ersetzt und die 
Maischtemperatur auf 65,5 C erhöht, so war die Ex-
traktjon nach 25 Mm. fast vorüber und die Verzuk-
kerung im wesentlichen nach rd. 40 Min. vollstandig. 
.4bb. 5 Zunah in' run rergärbaren Zuckern and Dichtc 
beun Maischpro:eJ3 
Abb. 6 Zunabme von vergürbaren Zuckern mid Dfchte 
beim Maischprozej3 
Em ganz anderes Bild präsentiert sich in Abb. 6, die 
den Maischverlauf bei Grünmalz demonstriert, des-
sen Enzyrnapparat sich von dem eines Darrmalzes 
durch das Vorhandensein von Grenzdextrinase und 
anderer Enzyme unterscheidet, weiche verrnutlich beim 
Maischen von Grünmalz einen wesentlichen EinfluI3 
ausüben. Man sieht, dali die Verzuckerung während 
der gesamten Stehzeit deutlich voranschreitet und 
demzufolge höher vergärbare Würzen erhallen wer-
den als in den vorhergehenden Fallen (Abb. 4 und 5). 
Ermittlungen in dieser Richtung sind erforderlich 
zur Information des Brauers über die Verarbei-
tungseigenschaften neuer Rohstoffe und 
zur Planung von Neuanlagen und bei beabsichtig-
ten Anderungen im Verfahren. Aullerdem ist die 
Uberwachung des kontinuierlichen Maischens em 
naheliegender Anwendungsbereich für das Instru-
ment. 
2.1 Analytische Anwendungen im 
L a b o r a t o r i u m 
Wenn die Würze fertig ist, interessiert sich der 
Brauer für den Gehali an vergarbarem Zucker und 
für die Gesamtmenge der vorhandenen Kohiehydrate 
(umfassend Dextrine, Maltotriose und Maltose). FrU-
her wurde die Bestimmung des vergärbaren Zuckers 
anhand von beschleunigten Ga ransätzen vorgenom-
men; in neuerer Zeit wurden hierfür chromatographi-
sche Methoden entwickelt. Zusätzlich wurde nun durch 
den AuLoanalyser eine insbesondere für Reihenunter-
suchungen sehr vorteilhafte Methodik entwickelt. Da-
bei werden die Wurzeproben durch spezifische Enzyme 
hydrolysiert; ein Teil davon wird mit Dextrinase 
(Mylase F) behandelt; ein anderer mit Maltase (aus 
Saccharomyces cerevisiae), wodurch im ersten Fall 
sämtliche Kohiehydrate abgebaut werden. im zweit-
genannten Maltotriose, Maltose und alle vergarbaren 
Zucker in Glucose ubergefuhrt werden. Diese Urn-
wandlungen sind nach etwa 3 Stunden abgeschlossen 
und die Proben werden in der oben beschriebenen 
Weise mit Ferricyanid automatisch untersucht. 
In Tabelle I werden typische Resultate der auto-
matischen Methode mit soichen verglichen, die durch 
Chromatographic und Anthron-Kolorimetrie erhalten 
Tabelle 1 
Gesamtkohlehydrate und vergärbare Zucker von Wurzen 
und Biere (in g Glucose pro 100 ml) 
Autoanalyse Chromatographie 








Würze (W 1) 10,22 769 10,23 7,97 
Würze (W 2) 9,83 7,63 9.88 7.60 
Würze (W 3) 10,50 8,81 10,82 8,67 
teilweise vergorene 
Würze (W 2) 7,92 5,51 8,12 5,80 
teilweise vergorene 
Würze (W 2) 5,72 3,57 5,95 3,87 
teilweise vergorene 
Würze (W 2) 4,72 2,63 4,99 2,68 
Bier (W 2) 3,96 1,85 3,97 1,75 
Bier (W 2) 3,00 0,67 3,02 0,83 
wurden. Darnach gestattet der Autoanalyser eine 
schnelle Messung der gesamten und vergärbaren 
Kohlehydrate mit einer Genauigkeit, die etwa der 
durch die kombinierte Anwendung von Chromato-
graphic und Kolorjmetrje erzielbaren entspricht. 
Der Anwendungsbereich des Autoanalysers ist 
nicht auf die Koh iehydratbestimmung beschränkt. Er 
wurde be; rneciizinischen tJntersuchungen bereits zur 
Bestimmung von Aminosäuren, Proteinen, Kreatin, 
Harnstof.  1, Kalium, Natrium usw. herangezogen und 
in der Tat können sehr viele auf kolorimetrischen 
Veriahren basierende Analysenmethoden auf die Ap-
paratur abgestirnmt werden. Verschiedene Einzelbe-
standleile wie der Dialysator oder das Bad zum Er-
hitzen können aus dern System herausgenommen und 
nach den Erfordernissen der jeweiligen Analyse ande-
re Erganzungsgerate, z. B. eine flussig-flUssig-Extrak-
tionsanlage, ja sogar eine Vorrichtung für den Kjel-
dahl-Aufschlu3 eingefUgt werden. Zweifellos werden in 
Zukunft Bitterstoff-, Alkohol-. Fuse] ölbestimmungen 
und viele andere Analysen in dieser Apparatur durch-
gefuhrt. 
3 Zusammenfassung 
Das Technicon ,,Autoanalyser"-System dci' automa-
tischen Analyse wurde zur Kohiehydratanalyse mit 
alkalischer Ferrizyanidlosung angewandt, urn die 
Zuckerbildung beim Maischen zu studieren und in 
Würzen den Grad der Vergarbarkeit festzustellen. Das 
Instrument ermoglicht eine rasche Durchfuhrung dieser 
Bestimmungen an fortlaufenden Probenreihen oder 
auth die kontinuierliche Registrierung an einem flie-
f3enden Medium. 
Summary 
The application of the Technicon ,,Autoanalyser" 
system of automatic analysis using alkaline ferricya-
nide has been made to study the formation of sugars 
during mashing and to determine the degree of fer-
mentability of wort. The instrument allows these 
determinations to be carried out rapidly either with 
a continuous series of samples or with a continuous 
stream or flow. 
* 
Herrn Dr. A. H. Cook, F. R. S., danken wir herzlich 
für sein Interesse an der Arbeit. 
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Worts prepared from grists containing 25% of commercial flour made from 
soft wheat proved satisfactory in respect of both yield of extract and fermentability. 
On fermentation they gave beers which compared well with commercial pale ales 
with respect to flavour; they were markedly superior in respect of shelf-life and 




IN the course of a study of the quality of 
worts produced using a variety of adjuncts 
it was found that, in the laboratory, adequate 
recoveries of carbohydrate could be obtained 
from grists containing up to 50% of wheat 
flour in admixture with pale ale malt.' 
Trials have now been made on the pilot 
brewery scale, and the properties of worts 
and beers brewed with relatively large pro-
portions of wheat flour have been examined. 
By the process known in the milling 
industry as "air-classification," flour made 
from English soft wheat is readily separated 
into fractions which are enriched in respect 
of either nitrogenous constituents or carbo-
hydrates. In this way, classified flours 
containing 0.6-0.9% of nitrogen are obtain-
able as compared with the normal range of 
nitrogen contents in commercial flours of 
1.2-1.9%. For the present investigations, 
three parent flours containing 1-5%, 10% 
and 1-19% of nitrogen and the corresponding 
classified flours containing 1.0%, 0-38% and 
0.7% of nitrogen were employed. Of the 
parent flours, two were selected on the basis 
of their low content of nitrogen and are 
referred to as "selected flours." These 
flours contained about 93% of starch on a 
dry basis, and when used they contained 
about 15% of moisture. 
EXPERIMENTAL AND DISCUSSION 
Laboratory Studies 
of a parent wheat flour (1% nitrogen) under 
varying conditions of mashing temperature 
and composition of the grist, and the effect 
of several physical treatments—e.g., pre-
gelatinization, stirring and heating under 
pressure—were investigated. The salient 
results (Table I and II) show that:— 
The highest yields of extract were 
obtained at 65-5° C. (150° F.). 
As with all-malt grists, worts produced 
at relatively low mashing temperatures 
contained proportionately more fermentable 
sugars than those produced at high tempera-
tures. 
The use of malts of very high diastatic 
power improved the yield of extract. How-
ever, in the case of grists containing 25% of 
wheat flour, which for the most part gave 
sufficient yields of extract, this improvement 
was relatively unimportant, while for grists 
containing 50% of wheat flour, where 
recoveries of carbohydrate were usually low, 
it was scarcely adequate. 
Stirring the mash, presoaking the flour 
or gelatinization of the flour in the presence 
of a portion of the malt to be used in the 
mash, brought about a substantial improve-
ment in recovery of carbohydrate in grists 
containing 50% of wheat flour. On the 
other hand, autoclaving of the wheat flour 
alone prior to mashing brought about a 
lesser improvement. 
Brewery Trials 
The earlier findings were supplemented by 	Because no difficulties had been en- 
further laboratory studies' of the behaviour countered in the laboratory trials with grists 
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TABLE I 
ANALYSES OF LABORATORY WORTS PREPARED UNDER NORMAL INFUSION CONDITIONS FROM 
GRISTS CONTAINING WHEAT FLOUR 
(All mashes were carried out in flasks without stirring for 2 hr.) 
Temp. of 
mashing 


















145 25 33 1037 96•1 78•3 
150 104•I 97•2 76•5 
155 1019 94.4 746 
145 50 33 94•9 861 76'4 
150 983 89•2 76•0 
155 978 88•7 723 
145 25 100 101•5 973 77.3 
150 1039 996 764 
155 992 951 753 
145 50 100 105•1 95•3 777 
150 106•1 962 760 
155 1029 93.3 722 
* Extract of (i) Proctor malt (D.P. 33° L.) 	= 102 lb. per Qr. 
High D.P. malt (D.P. 100° L.) = 101 lb. per Qr. 
Flour 	 = 118 lb. per Qr. 
containing 25% of wheat flour, attention 
was first focussed on such grists in the 
brewery trials. The flour was therefore 
mixed with three times its own weight of 
Proctor malt (D.P. 330  L.) prior to mashing 
at 1500  F. using a liquor: grist ratio of 
24 bri. per Qr. After standing for 14 hr., 
sparging was commenced and continued for 
3 hr. at such rate that the overall liquor: 
grist ratio was 63 brl. per Qr. 
TABLE II 
EFFECT OF VARIOUS PHYSICAL TREATMENTS ON THE CONVERSION OF GRISTS CONTAINING 50% 
WHEAT FLOUR 




(°L.) Physical treatment 
Extract 
(lb. per Qr.) 
Recovery of 
carbohydrate 





33 With Stirring 1050 953 77.3 
100 1073 97.4 781 
33 Presoaking grain for 3 hr. at 68° F. 1067 968 764 
100 before mashing 1072 973 77.7 
33 Pregelatinizing flour by heating 1069 970 753 
100 for 05 hr. at 190 ° F. with 10% of 1078 980 766 
malt 
33 Autoclaving grain in half the mash- 975 	. 884 74.4 
100 ing liquor for 15 mm. under pressure 94.9 862 751 
of 15 lb. per sq. in. 
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When the parent flour containing relatively 
high nitrogen (15%) was used, some diffi-
culty was encountered in running off, so 
that the yield of extract was considerably 
below that expected. However, when the 
classified flour (1% nitrogen) prepared from 
the above flour or selected flours (1.0% and 
1.2% nitrogen) as well as their respective 
classified flours (0.38% and 07% nitrogen) 
were brewed as 25% of the grist, no diffi-
culties were encountered in sparging and 
running off, and recoveries of carbohydrate 
were virtually complete (98%). Further-
more, the degree of conversion achieved in 
the mash tun was satisfactory (wort fermenta-
bility, 75%) and fermentations were normal, 
giving beers which were free from any 
foreign flavours. In subsequent brews, 
therefore, hop rate, colour and dry-hop rate 
were adjusted to give beers which from the 
analytical standpoint fell within the com-
mercial range for pale ales.  
rather more hop bitter substances than do 
those from all-malt grists brewed at the 
same hop rate. This effect may also be due 
to the relatively low contents of nitrogen in 
the worts. With regard to flavour, it has 
been established—from a series of ranking 
tests in which the trial beers were compared 
with commercial pale ales by tasters of a 
wide range of experience—that the wheat-
flour beers fall well within the commercial 
range. 
Despite the satisfactory results achieved 
in laboratory studies, attempts to brew with 
wheat flour as 50% of the grist have so far 
proved unsuccessful. When brewed in con-
junction with a Proctor malt as the other 
grist component, the run-off and sparge 
were normal for the classified flour (0.38% 
nitrogen) and not unduly difficult for the 
relevant whole flour, but in both cases the 
yields of extract were lower than for all-
malt brews. Thus, the recovery of carbo- 
TABLE III 
COMPARISON OF WORTS AND BEERS FROM WHEAT FLOUR AND ALL-MALT GRISTS 
25% Wheat flour 
75% Proctor malt 
50% Wheat flour 
50% Proctor malt 100% Proctor malt 
Won: 
Fermentability 75-77% 65-70% 75-77% 
Carbohydrate 
recovery 	.. > 98% 90-95% > 98% 
Nitrogen 	.. 	 .. 72-82 mg. per 100 ml. 50-70 mg. per 100 ml. 90-95 mg. per 100 ml. 
Beer: 
Bitterness 	. . 26-27 mg. per litre 28-30 mg. per litre. 23-24 mg. per litre 
Nitrogen 	.. 	 .. 34-40 mg. per 100 ml. 25-40 mg. per 100 ml. 44-48 mg. per 100 ml. 
Anthocyanogen 	.. 050-060 036-060 068-072 
Shelf-life 	.. 	 .. > 20 weeks 20 weeks approx. 12 weeks 
Head retention 100-110 sec. 92-96 sec. approx. 90 sec. 
(half-life)  
In Table III, typical analyses of the worts 
and beers obtained from the foregoing brews 
are compared with those obtained in respect 
of all-malt grists brewed under identical 
conditions. It is noteworthy that the beers 
made from wheat flour are superior to those 
from all-malt grists, particularly with regard 
to shelf-life and foam characteristics. The 
improvement in shelf-life is perhaps related 
to the relatively low amounts of both nitro-
genous and polyphenolic materials, while 
it is likely that the flour contributes some 
head-forming substances which are not 
present in malt. It will be seen, moreover, 
that the beers made from wheat flour contain  
hydrate in these cases was of the order of 
93% compared with >98% obtained from 
all-malt brews and, moreover, the worts 
produced were not as highly converted as 
those obtained from all-malt grists, so that 
fermentations were sometimes slow. The 
slowness of fermentation may occasionally 
have been attributable in addition to lack 
of nitrogenous nutrients, since the nitrogen 
contents of the worts were sometimes little 
more than half of those obtained in standard 
brews. Replacement of the Proctor malt 
by others of higher diastatic power (80-
100° L.) gave worts of adequate fermenta-
bility, but continuous analysis showed that 
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conversion was again slower than in all-malt 
brews and, moreover, yields of extract were 
low. Furthermore, attempts at pre-digestion 
and pre-cooking the flour led to failure of 
drainage and consequent loss of extract; 
this was presumably because of coagulation 
of the wheat gluten, a difficulty which was 
not experienced under normal mashing con-
ditions. Nevertheless, in respect of flavour 
the beers produced were satisfactory and in 
respect of shelf-life, head formation and 
hop utilization were superior to all-malt 
beers. 
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AUTOMATIC CARBOHYDRATE ANALYSIS 
IN THE BREWING INDUSTRY 
By J. R. Hudson and I. C. MacWilliam 
(Brewing Industry Research Foundation, Nutfield, Red/ii/l, Surrey, England) 
Introduction 
'I' HE possibility of change-over from batch to continuous operation in the brewing industry poses some problems in 
analytical control. One of the chief aims of the transition 
would be to achieve much closer control over quality than is 
available in the batch system; ideally any variation from 
the desired quality should be detected instantaneously, so that 
operating conditions could immediately he altered to remedy it. 
Hence it becomes necessary to explore rapid and automatic 
techmques of analysis, and here the Technicon 'Autoanalvser' 
affords an approach to the problem of measuring the changes 
in concentrations of carbohydrates which occur. Additionally 
it will be seen that automatic analysis is of assistance in 
investigational work in connection with the batch system of 
working, particularly where information on the optimum con-
ditions for mashing new materials is required. 
Description of the Apparatus 
THE operation of the "Autoanalyser" (Technicon Instru- ments Ltd., Hanworth Lane, Chertsey, Surrey) will be 
best understood by reference to Plate 1 and to Fig. 1. The 
Plate i. The \titoanaj',r in the laborat 
key unit is perhaps the multi-channel peristaltic pump (A) 
which delivers, through plastic tubes, samples and reagents in 
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constant proportions determined by the diameters of the 
tubes. In order to prevent back-mixing, air bubbles are 
introduced into the fluid streams at short intervals. For 
the estimation of reducing sugars, it is necessary to dilute 
the sample to a suitable concentration, mix with alkaline 
potassium ferricyanicle solution and heat to effect reduction. 
Hence individual samples are taken from the turntable (B), 
mixed with water from a beaker (C) and punipcd along one 
side of a dialysis membrane housed in the dialvser ([)). A 
stream of alkaline ferricvanide (from flask E) is pumped 
along the other side of the membrane and thus receives the 
simple sugars which have dialysed from the sample stream. 
The latter is discarded at this stage taking with it the un-
wanted materials, proteins, etc., whereas the reagent stream 
is passed through a heating bath (F) to effect reduction and 
thence to a c )lorimett'r (G) which activates a pen-recorder 
(H). The apparatus is shown diagramniaticallv in Fig. 1 
Constant temperature 
dialyser 38°C. 










6mm. light path 
Recorder 
Discard 
II 	liararn 	1 aut,ilatl i 
I Proportioning 
L_J pump 
It is most important to realise that the dialysis is not carried 
to completion, and that this system of analysis depends on 
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precise repetition of each mechanical stage, which can be 
achieved better by machine than by a human operator. The 
graphical records are translated into quantitative results by 
reference to plots from st unlari I sohitioti, put t lir nigh the 
apparatus at intervals. 
Applications in Brewing 	I) Mashing 
THE Autoaiialvser finds application in both routine control and in research on mashing. Using the reaction of 
alkaline ferricyanide with sugars described above, it is 
possible to follow the formation of fermentable sugars almost 
as it occurs. For this purpose the apparatus was mounted on 
a trollt'v (Plate 2) with the sample line placed directly inside 
• 	1 
4 	 . 	 — 
qmw 
i 	t a 	a 	I t h 	\ I 	tflLI \'t Ifl I uIi un ,f the 
e'p.riinental I fl. er. 
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the mash-tun (top-right) of an experimental brewery. Con-
tinuous sampling from the mash-tun provided some initial 
difficulties. Direct pumping proved to he out of the question, 
as the sample lines were blocked with small pieces of grist, 
and it was necessary to construct a sample chamber pro-
tected firstly by a layer of Dixon gauze rings, and secondly 
by a gauze of 120 mesh. In practice, 2 sample streams of 
03 ml./min. are taken from the chamber so that its entire 
contents (0'5 ml.) are replaced in less than one minute. The 
clear wort is then pumped through the Autoanalyser and 
the process is carried out as above. 
In Figs. 2 - 4,  the rates of extraction and conversion 
on mashing three different grists are given. Fig. 2 reveals 
GRIST 
50% MALT, D.P. 80 L 
50% WHEAT FLOUR 

















0 	 ac 	70 	 60 	 so 	•0 	 70 	 10 	 0 	 0 
Time (mm.) lIC 2 
that for a mixture of 50% unrnalted wheat flour and 50% malt 
1). P. 80 L mashed at 0 - C., extraction, shown by the specific 
gravity curve, is complete in about 25 mm., and that conver-
sion is substantially over in 55 mill. In comparison (Fig. 3) 
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FERMENTABLE 
SUGARS 
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when the malt portion of the grist is replaced by another 
of D. 1'. 100 and the mashing temperature changed to 05-5 1'. 
extraction was almost over in 25 mm. and conversion virtually 
completed in about 41) mm.Quit(- a different picture is pre-
sented by Fig. 4 which represents the mashing of green malt in 
which the enzyme complement is different from that if ki bed 
malt Since limit (lextrinase and other eiizyifles are present and 
probably exert a substantial effect in green malt mashes. 
It is seen that conversion goes on at an appreciable rate 
throughout the whole standing time, and thus the worts pro-
duced are more highly fermentable than ill the preius 
cases Figs. 2 and 3). This is the kind of in 1 irmat ion which 
is needed (a) to advise the brewer on the feasibility of 
using new material'- and ( b) for the design of new plant, it 
alterations to ) the processare contemplated.. \ddit i inallv, 
the ntiiiiitonitg of continuous mashing is an obvious 115, for 
the int runient 
(2) Analytical Applications in the Laboratory 
Ntl' the wor t is pnihuceil, the brewer is niterestid I) ni 
the imount of f-rnientalili' suar and (2) the total amount 
of earbohvilrati' (inilu(ntg dextrnis, maltotriose and maltose). 
In the past fermentable sugar was (Icternhined by forced 
fermentation tests and more recently by chromatographic 
methods, but the A tit  oaiialvser provides an additional method 
especially valuable where large numbers of samples are to i lx' 
exarnini'il. 1-lire, the wort saniplesar' hvdrolvsed with specific 
eit/.Vmes, one poitioil being treated with a dextrinas' ),IIvlase P) 
and others with nialtase (from iicc/!aromvr('s ccrt'i'zsIae) to con-
vert in the fill - St case the total carbohydrate, and iii the other, 
malt it ri se, maltose and all ter,n,'n/a/ili' sugars, to glucose. 
These reietions are eoniplete in ca. 3 hours, and the samples 
are estimated automatically with ferricyanidi' is described 
above. .\ comparison of typical results by the automatic 
method with those obtained by chromatography and anthrone 
ci 0 iriiuetrv is given in Table I. Titus the Aut i ianalvser 
affords a rapid method of measuring total and fermentable 
carbohydrate, Nvith an accurai'v similar ti that given by the 
combination of chromatography and culoriinetrv. 
The ;utoanaIyser may also be used to determnie the 
reducing power of wort itself, and it is found that there is a 
linear correlation between the reducing power of wort 
towards ferricyanide as measured in the instrument, and 
the amount of fermentable sugar in the sample. Fig. 5 
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Table I 
Comparison of two Methods for Estimating 
the Total (arhoji VItrate awl ]"&'rmeiitahl& Sugar Contents of \Viirt. 
- 	 arid Oi-r, 
as i1ia'- 	Ir 100 mi.) 
I 	ri ji ii 1 samples09 
A. 	\\ort )\\i 
Wort (\\.) 
\'iort (\\) 
I 'arttv fermented a rt )\V2) 
l'artli, krnitnted \VI rt 
I 'artiv firmlntid vort (\\2 
iteer W) 
Ill-ir )\\2) 
I 	ta! leryirin- ii 	ta I Ferni&n- 
arts - table (art ­ - tat )k 
hydrate su gar hydrate S uar 
1025 700 1023 797 
53 763 9 . 700 
1050 581 1052 507 
792 551 512 550 
572 357 505 37 
472 2()3 499 205 
1-8 5 t07 
















Fermentable sugars (% glucose equiv.) 
Fig. 5.—Correlation between ferrkvaoiI 	Iii ii 	por dalI 
I fermen to I 1' so t 1 
demonstrates this relationship, with reducing values for a 
series of samples, ranging from worts to almost fully atten-
uated beers, being plotted against the content of fermentable 
sugars, deternu ned by the anthrone rnethi id. Fr on this 
ILA it is found Out an est mate of concentrati on of ferment-
able sugar may be obtained, by multiplying the reducing 
power (expressed as equivalent glucose) by the factor 2-14. 
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It is perhaps surprising that the above correlation is 
linear, as wort contains, on the one hand, sucrose (which 
is fermentable but is not a reducing sugar) and on the other, 
dextrins (which have a small reducing value though they are 
not fermentable). Furthermore it will be recalled that 
glucose and fructose each have a greater reducing potential 
than do maltose or rnaltotriose, on a "weight per reducing-
group' basis. Maltose and maltotriose provide the vast 
majority of the reducing potential in partly-fermented worts 
and, because unfermented worts conform with the linear 
correlation demonstrated for partly-fermented worts and 
beers, it appears that the greater reducing potential of glucose 
and fructose may compensate for the presence of non-
reducing sugars. Also it must be borne in mind that, in the 
automatic ti'cluuciue, dialysis is not carried to completion 
and, as rates of dialysis arc to some extent dependent on the 
complexity of sugars, it is possible that the present correlation 
arises from automatic analysis. 
Nevertheless, the most important thing about the cor-
relation is that it exists, and this gives us a very rapid way 
of finding the amount of fermentable material in a particular 
wort or beer. For instance, with the single-stage dilution, 
samples in the lower range of specific gravity can be analysed 
in 7 - 8 minutes, while, even with the strongest worts which 
require a two-stage dilution, results are available in about 
12 minutes. It therefore appears that, by using the instru-
ment in c o njunction with a stream-switching device, the 
inflow and outflow streams of a continuous fermenter could 
be monitored. Also, such a system employed along with 
a specific-gravity meter would perhaps serve for quality 
control in continuous mashing though ideally it would be 
desirable to have a reading of total, as well as fermentable, 
carbohdrateat this stage. 
The Autoanalyser is not restricted to determining carbo-
hydrates. It has been applied already in medical research to 
estimate amino acids, proteins, creatine, urea, potassium, 
sodium, etc., and indeed very many analytical methods based 
on colorimetric techniques could he adapted for the apparatus. 
Various components such as the dialvser, or heating bath, etc., 
may be omitted from the system, and other fittings such as 
liquid-liquid extractors, or even a Kjeldahl digestion apparatus, 
can he included to carry out the analyst's required. Also in 
the future, the determination of bitterness, alcohol, fusel oil 
and many other analyses will no doubt be made by this 
apparatus. 
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Summary 
HE application of the Technicon Autoanalvser" system 
of automatic analysis, using alkaline ferri cyanide, has 
been made to study the formation of sugars during mashing, 
and to determine the degree of fermentability of wort. The 
instrument allows these determinations to be carried out 
rapidly, either with a continuous series of samples, or with a 
continuous stream or flow. 
Acknowledgments 
The authors thank Dr. A. H. Cook, F.R.S. for his interest 
in this work. They also thank the Technicon Company for 
their co-operation and Professor I. A.  Preece, D.Sc., Editor 
of the Journal of the Institute of Brewing for permission to 
reproduce some material presented in an earlier paper. 
BREWERS' GUILD JOURNAL 
hre\ver mu-t really look for is the true value Of the malt 
rchltivr to the beer wlinli he is making, . Wt , must. tlt trth re, 
Igieallv ask just what are the elements in the manufacture 
Of beer winch are (lirectiv or iiidirctiv influenced by the 
(lflalitV of the malt. 
It may well be said that the brewer has ttlttii ('lioughi 
tried to hfld an excuse for all his misfortunes in the malt. 
It is, theretore, impc rtant tt) brew in an absolutely standank
ised manner with ihillerent malts and ti u to ( usc ver I lit se 
elements vliicli \arv in strict accordance with their differences. 
We have made such experiments, winch have 1 )een cm-
tinned by other authors including Van '. auwcnln'rge, and 
we have drawn the general ci uiclusi ns winch follow. 
IT can he accepted without argument that the malt influences 
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Phosphate in Starches and Glycogens 
By G. HARRIS and I. C. MAC WILLIAMS*), Nuffield, Surrey (England) 
An insight into the distribution of phosphate groups 
in various starches is desirable as the presence of these 
groups can affect the pattern of enzymic degradation 
of the starches. This might assume importance parti-
cularly if the use of unmalted adjuncts were to increase, 
for example, in brewing and distilling. 
Small amounts of phosphate are normally found in 
most granular starches (see KERR (1) and RAILEY (2) 
for reviews). The phosphorus content of starch ranges 
up to 0.3 0/ and the phosphate–Containing compo-
nents are not identical in all starches. However, consi-
derable evidence shows that the phosphate of potato and 
other starches from tubers is attached through ester 
bonds to the 6-position of glucose residues (3-8). Degra-
dation of potato starch by means of a-am lase results 
*) Brewing industry Research Foundation, Nutfield, 
Surrey (England),  
in the phosphate of the original starch being recovered 
almost quantitatively in the ,,a-limit dextrins". Noii-
THmJJ' and NELSON (3) found that a fraction of the 
,,a-limit dextrins" contained as much as 0/ 0 of phos-
phorus and POSTERNAK (7) detected 3 0 / 0 of phosphorus 
in a hexasaccliaride obtained from potato starch after 
attack by pancreatic a-amylase. It was the isolation by 
POSTERNAK of glucose-6-phosphate from the partial 
acid hydrolysis of his hexaaccharide that indicated 
the position of substitution of the phosphate on the 
glucose molecule. 
The hexasaccharide was further degraded by a-amy-
lase to give maltose and a phosphotetrasaccharide in 
which PARRISH and WHELAN (9. 10) found by perio-
date oxidation studies that the phosphate was attached 
to the third glucose residue from the non-reducing end 
group. As the phosphate was present in the ,,a-limit 
dextrins it was clearly attached to the amylopectin 
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constituent of the starch from which the dextrins were 
derived. This was confirmed by analyses of amyloses, 
which proved to contain little or no phosphate (6). 
Electrodialysis experiments (11,12) using potato starch 
pastes show that in this starch the phosphate is present 
in the mono-orthophosphate form, organically bound 
to the carbohydrate, but indicate that none of the phos-
phate present in cereal starches exists in this form. In-
deed, prolonged extraction of some cereal starches with 
organic solvents results in an almost complete removal 
of the phosphates and it has been suggested that here 
the phosphorus is present as phosphatide or other con-
taminant in the starches (13). 
The phosphate-containing dextrins from potato 
starch (see above) have now been found to be adsorbed 
on Dowex 1 ion-exchange resin and thus to be separat-
ed from the phosphate-free material. This technique 
has permitted the examination of the degradation pro-
ducts of a number of starches and also of glycogens. 
The phosphorus contents of the starch samples used 
are given in Table I and are similar to those found by 
Table I 
Phosphorus Contents (°J) of Glycogens and of Starches and 
their Amylopectin and Amylose Components 
Starch U utreated material 
After extraction 
With 80 % 
methanol 
.111 limit dextrill  
formed by 
-amylase 
attack on starch 
ai>d separated 
>n> charcoal 
Barley 1 0.059 0.033 0.011 
Amylose _*) 0.001 Nil 
Amylopectin _*) 0.041 0.027 
Barley 2 0.063 0.047 0.019 
Malt 1 0.069 0.043 0.010 
Amylose 0.003 Nil 
Amylopektin 0.051 0.009 
Malt 2 0.064 0.051 0.017 
Potato 0.071 0.067 0.290 
Amylose 0.006 0.002 
Amylopectin 0.090 0.360 
Wheat 0.061 0.042 0.014 
Waxy Maize 0.008 0.007 Nil 
Amioca 0.003 0.003 Nil 
Yeast Glycogen 1 0.083 0.077 0.043 
Yeast Glycogen 2 0.087 0.087 0.037 
Yeast Glycogen 3 0.086 0.083 0.047 
Oyster Glycogen 0.057 0.053 0.021 
*) Fractionations of starch to yield amylose and aniylo-
pectin components were carried out on extracted starch. 
other investigators (3-20). Detectable amounts were 
present in all the samples but those from maize and a 
hybrid corn were very low. Prolonged extraction of the 
samples. using '80 0 / 0  methanol failed to remove all 
the phosphorus of wheat, barley and malt starches 
(cf. SCHOCH (13)) but nevertheless removed considerab-
le quantities of this component Compared with that 
taken out of potato starch (see Table I). Three of the 
starches were fractionated by the method of Sollodu 
(21) into their dmvlose and am ylopectin components and 
the phosphorus contents of the separated fractions 
confirmed previous findings that the bulk of this com-
ponent was in the.amylopectin fraction (Table 1). The 
starches and their fractionated components were hy-
drolysed by means of salivary a-amylase. IFt has been 
observed that this enzyme contains no detectable 
amount of phosphatase as it fails to liberate phosphate 
from a number of substrates such as glucose-1-and-6-
phosphates, glucose-1,6-diphosphate, or calcium cli-
phenyiphosphate. The degraded starches were passed 
through columns of Dowex 1 resin, which were subse-
quently washed with water and then eluted with 
0.01 N-hydrochloric acid solution. When hydrolysed 
potato starch and potato amylopectin were employed, 
the eluates contained carbohydrate organically bound 
to phosphate which had been adsorbed on the resin. No 
similar material was obtained from any of the other 
starches or glycogens employed, in some cases, the 
hydrolysis products yielded phosphate which was ad-
sorbed on the resin but this was not bound to carbohy-
drate and was thus an impurity. This was confirmed by 
adsorbing the phosphate-containing eluates from the 
ion-exchange resins on columns of absorbent charcoal 
and eluting them using aqueous ethanol by the method 
of WHISTLER and DIJRSO (22). Only from potato starch 
dextrins was phosphate-containing carbohydrate ma-
terial isolated. The combination of fractionation on 
Dowex resin, elution with 0.01 N-hydrochloric acid, 
adsorption on charcoal, elution with 50 0 / 0 ethanol, fol-
lowed by evaporation and freeze-drying, proved to be a 
very efficient method of isolating phosphodextrins as 
over 95 0 / 0 of the phosphate originally present in the 
starch was found in the isolated material. 
The phosphorus-containing dextrin from potato 
starch contained 3 0 /0 of phosphorus. Partial hydrolysis 
by means of acid yielded glucose, maltose and a little 
isomaltose, indicating that the material contained some 
of the branching linkages present in the original starch. 
(see also below). The phosphorus content indicates a 
ratio of one phosphate residue to 6 glucose units as 
found earlier by POSTERNAK (8). Prolonged treatment 
of the material with a-amylase yielded maltose and 
phosphorus-containing dextrins, "the former accoun-
ting for ca. 25 0 /0 of the total carbohydrate. Alkaline 
phosphatase, unlike acid phosphatase from wheat 
germ, readily removed the phosphate residue. The 
phosph ate- free material had a mobility during chroma-
tography on paper similar to that ofrnaltohexaose (23). 
No glucose, maltose or saceharide smaller than malto-
hexaose was present, indicating that the phosphate 
group must form a barrier to a- and 3-amylase attack 
such that 2 or 3 residues on either side of the unit con-
taining the charged group have their linkages protect-
ed from attack. Either a- or -amylase or mixtures of 
the two enzymes degraded the phosphate-free material, 
each to about 80 0i. The remainder of the material was 
hvd.rolysed. however, only by purified limit d.extrinase 
from malted barley (23), yielding a mixture of glucose, 
maltose, maltoti-iose and maltotetraoe. It also yielded 
isoma.ltose after partial acid. hydrolysis thus indicating 
that some of the phosphate residues are attache d to 
residues close to branching points in starch. Hovcer, 
this represents only about 20 0 / 0 of the total phosphorus 
present, the remainder being on longer chains ditant 
from, branch points. 
Experimental 
Materials 
Potato, wheat (British Drug House Ltd.) and ..Aini-
Oca' >  starches (National Starch and. Chemicals Corp.. 
100 	 l)IE STARKE 	 Nr.3/1963 
750 Third Avenue, New York, USA), oyster glycogen 
and glucose 1-and-6-phosphates (B.D.H. Ltd.) were 
used. Barley and malt starches were prepared by the 
method of MAC WILLIAiI and PERCIVAL (24) and yeast 
glycogen by the method of MANNERS and MAUNG (25). 
Waxy maize starch and maltohexaose were gifts 
from G. 0. ASPINAL and W. J. WHELAN respectively. 
Amylopectins were separated from the starches by the 
method of SCHOCH (21) using n-butanol. Three starches 
(Table I) were fractionated, each amy lose and amylo-
pectin component being precipitated three times, after 
which the preparations were freeze-dried. Calcium cli-
phenyiphosphate was prepared by the method of DE 
GARILHE and LAsKowsKI (26). Wheat germ phospha-
tase and alkaline phosphatase (from pancreas) were 
commercial samples (L. Light & Co. Ltd., Colnbrook, 
Bucks). Salivary a-am lase was obtained according to 
MEYER et al. (27) and purified limit dextrinase from 
malt by the method of MAC WILLIAM and HARRIS (23). 
Dowex I (X 4) resin (Rohm and Haas. Inc.) was sha-
ken with water to remove finely divided material which 
did not settle within 1 minute, and packed in a glass 
column (12 x 1.8 cm.). Adsorbent charcoal (B.D.H., 
Ltd.) was washed with phosphate- citric acid buffer solu-
tion at PH 4.9 (28) (ii. per 500 g. charcoal) and then 
with water until the eluate was neutral. 
Methods 
Phosphate was determined b y the method of FISKE 
and SUBBAROW (29). Starches (50 g.) were refluxed 
with methanol containing water (15 0/ by weight; 
500 ml.) for 3 hours. After cooling, the starches were 
filtered and the process repeated twice more. 
Degradation of starches and glycogens by salivary a-amy-
lase 
The substrates (10 g.) were dispersed in water 
(500 ml.) by heating at 90 °C. for 10 minutes with stir-
ring. The mixture was then cooled and salivary amylase 
(5 ml. of stock solution) added and the mixture main-
tained at 40 °C. for 48 hours. The digests were then 
boiled to inactivate the enzyme and were filtered free 
of insoluble materials. The latter were retained and 
analysed for phosphorus content. The filtered solutions 
were allowed to percolate slowly through columns of 
Dowex resin (chloride) (see above). The columns were 
washed with water (100 ml.) and the eluates and wa-
shings, combined in each case, were freeze-dried. The 
phosphorus-containing dextrins were eluted with 
0.01 N-hydrochloric acid solution (100 ml.). The hy-
drochloric acid was removed either by treatment with 
silver carbonate and filtration of the resulting silver 
chloride or, preferably, by adsorption of the phospho-
dextrins on a charcoal column (25 x 3 cm.), washing 
with water (200 ml.) and removal of the dextrin by 
treatment with 50 0/o ethanol in water. The ethanol was 
removed by distillation under diminished pressure and 
the resulting solution was freeze-dried. 
Electrophoresis 
An apparatus similar to that described by FosTER 
(30) was used. The dextrin solution (2 010 ) in water was 
applied to Whatman No.3 paper in the usual way and 
submitted to electrophoresis in acetate buffer solution 
at pa 4.0. 
Chromatography 
This was carried out by the method of MACWILLIAM 
and HARRIS (31) for both qualitative and quantitative 
work. 
Examination of phosphate-containing material in eluates 
from columns 
Of the phosphate-containing materials adsorbed 
from the products of treatment of starches with a-amy-
lase and removed from the columns using 0.01 N HCl, 
only those from potato starch contained glucose. 
$tudy of phosphate-containing dextrin from potato 
starch 
The dextrin (324 mg. from 10 g. starch) contained 
3 0/0  phosphorus (representing 900/ 0 of phosphorus pre-
sent in the methanol-extracted starch) and was almost 
immobile in the solvent systems used to separate phos-
phate-free sugars (see above). The material migrated 
as a sharply-defined zone towards the anode when 
subjected to electrophoresis (See above) under a cur-
rent of 8-10 milliamps, using an applied potential of 
20 volts em. 
Treatment with enzymes 
The substrate (2 0 11 0) was dissolved in tris (hydroxy-
methyl) amiiiomethane-maleate buffer solution at PH  5.0 
(32) for a-amylase and acid phosphatase attack or at 
PH S for alkaline phosphatase action, each enzyme being 
at a concentration of 10/ The mixtures were maintain-
ed under toluene for different periods of time and ali-
quot portions removed and examined by chromatogra-
phy or used for phosphate determination. 
Examination of the dextrin after removal of phosphate 
A portion of the digest after treatment with alkaline 
phosphatase, was boiled for 10 mm. to inactivate the 
enzyme. Purified limit dextrinase (l°/)  was then added 
after the P H of the mixture had been adjusted to 7, and 
the digest maintained at 37° as above. 
To another portion, sulphuric acid was added to 1 N 
concentration in the final solution and the mixture was 
heated for 0.5 hr. under reflux, cooled, and the acid 
neutralised with solid barium carbonate. The insoluble 
barium sulphate was removed and the filtrate con-
centrated and chromatographed. 
The authors wish to thank Dr. A. H. Coo K, F..R.S., 
for the help and encouragement given throughout the 
course of this work. 
S'um'mary 
The phosphorus contents of eight different starch 
samples and four glycogen samples have been found 
to range up to ca. 0.09 0/c.,. 
No evidence has been found that the phosphorus of 
the starches or glycogen examined is attached direct-
ly to a glucose residue except in the case of potato 
starch. 
Potato starch, after attack by salivary a-amylase, 
yields a limit dextrin which is adsorbed by Dowex-1 
ion exchange resin and which migrates under elec-
trophoresis. This dextrin contains 3 0/0 phosphorus 
and ca. six glucose residues and its phosphate group-
ing is removed by treatment with alkaline phos-
phatase. The phosphate-free material contains a 
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proportion of branched a-1:6-linkages,  in addition 
to the a-i : 4-linkages found earlier in this material, 
as it yields isomaltose after partial acid hydrolysis. 
Insight is therefore afforded into the distribution of 
phosphate groups in potato amylopectin. 
Zusammenfassunu 
Der Phosphorgehalt von sieben verschiedenen Stärke-
und vier Glylcogenproben bewegt sich in einem Bereich 
bis etwa 0,09 01. 
Mit Ausnahme von Kartof/elstarke wurde kein Hin-
weis .ge/unden, dap der Phosphor der untersuchten 
Stärken oder des Glykogens unmittelbar mit einem 
Glukoserest verbunden ist. 
Nach Behandlung durch Speichel-a-Amylase ergibt 
Karto//elstärke em Grenzdextrin, das durch em Dowex- 1 
ionenaustauschharz adsorbiert wird und elektro-
phoresisch wandert. Dieses Dextrin enthält 20 1 a Phos-
phor und etwa sechs Glukoseeinheiten, und seine 
Phosphatgruppe wird durch Behandlung mit alka-
lischer Phosphatase entfernt. Das phosphatfreie Mate-
rial enthält einen Anteil vthr verzweigten a-i: 6-Bin-
dungen, zusdtzlich zu den a-1:4-Bindungen, wie sic 
fruher in diesem Material gefunden wurden, da es 
nach partieller Saurehydrolyse Isomaltose ergibt. So-
mit gewinnt man einen Einblick in die Verteilung 
der Phosphatgruppen in Karto/felamylo pectin. 
Rdsumd 
La teneur en phosphore de sept dchantillons di/fdrents 
d'amidon et de glucogène vane usqu'à 0,09 0 1 0 . 
On n'a pas pu trouver d'indices ddmontrant que le 
phosphore des amidons on des glycogènes analysds 
dtait' lid directement a un reste glucosique, sau/ pour 
l'amidon des pommes de terre. 
Après un traitement avec l'amylase a de la salive, 
l'amidon des pommes de terre donne une dextrine li-
mite qui est absorbde par l'e'changeur d'ions Dowex 1 
ci qui progresse en dlectrophorèse. Celle dextrine 
contient 2 0 1 0  de phosphore ci environ six unitds de 
glucose. Son groupement phosphate est enlivd par une 
phosphatase alcaline. La substance sans phosphate 
contient une partie de liaisons a-1:6 rami/ides a 
cótd des liaisons a-1:4 trouvdes antdrieurement dans 
cette substance, car une hydrolyse acide partielle donne 
de l'isomaltose. Dc cette maniêre on reçoit un apperçu 
sun la repartition des groupes phosphates dans 
l'amylopectine des pommes de terre. 
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WORT FROM GREEN MALT AND UNMALTED CEREALS 
By I. C. MACWILLIAM, Ph.D., J. R. HUDSON, Ph.D., F.R.I.C., and A. L. WHITEAR, Ph.D. 
(Brewing Industry Research Foundation, Nuqield, Surrey) 
Received 27Th February, 1963 
Laboratory investigations of the quality of worts produced from green malt, 
from mixed grists of green malt and 'unmatted cereals, and by the action of com-
mercial enzymes on barley starch are described. Green malt atone gives sweet worts 
which are very highly fermentable and contain much nitrogenous material but are of 
very reduced anthocyanogen content. Satisfactory yields of extract are obtained 
in the conversion of unmalted cereals by green malt if they are finely ground. Addi-
tional treatment such as presoaking or gelatinization usually further increases the 
extract and is essential where certain enzyme preparations are employed. 
32. 
INTRODUCTION AND DISCUSSION 
FOLLOWING studies on the effects of varying 
conditions of mashing using grists made up of 
malt and unmalted cereals, 3 '5 it appeared 
that green malt, whose complement of 
enzymes is markedly different from that of 
kilned malt, might efficiently convert the 
starch of unmalted grain into fermentable 
sugars. As little information was available 
on the quality of wort obtainable from green 
malt, attention was first directed to find how 
such worts differed from those obtained from 
the pale malts traditionally employed in 
infusion brewing. Subsequently the quality 
of worts obtained from mixed grists and by 
the action of commercial enzyme preparations 
on barley starch was considered. 
Laboratory mashing of green malt.—In the 
early stages difficulty was encountered in 
attaining a sufficient degree of disintegration 
of the grain to allow efficient extraction of the 
carbohydrate. The mills normally used for 
grinding malt or barley left large "grits" 
which, after mashing, still contained starch 
so that yields of extract were low. Much of 
the preliminary work was carried out, there-
fore, by dispersing the green malt in cold 
water with a macerator and then heating the 
suspension to mashing temperature (150'F.) 
as rapidly as possible with vigorous stirring. 
Later the difficulty was overcome by the use 
of a mill, originally designed to homogenize 
pastes or thick suspensions (Pascall Engin-
eering Co., Ltd., Crawley), which has three 
rollers turning at different speeds (30, 60 and 
120 r.p.m.). The material to be ground, is 
passed into the gap between the slowest 
moving rolls, adheres to the centre roll, and is  
carried through the gap between this and the 
fastest moving roll from which it is removed 
mechanically. The gaps between the rollers 
are adjustable and, for green malt containing 
35-40% moisture, are best set at 0015 in. 
and 0•005 in. so that the endosperm is com-
pletely reduced while leaving the husk 
almost undamaged. Grist from this mill can 
be mashed by the technique recommended by 
the Institute of Brewing, provided that the 
initial temperature is appropriately adjusted 
whereupon complete conversion and recovery 
of carbohydrate are obtained. 
A minor analytical difficulty arose in the 
estimation of moisture content. Drying in 
a water oven gave low results, probably 
because of enzymic hydrolysis within the 
material during drying (cf.2), and it was 
necessary to inactivate weighed portions by 
boiling with ethanol (80%) prior to drying 
them in vacuo. This last technique gave 
values indicating 2% more moisture in the 
grain than appears from oven drying. 
Influence of the duration of matting on the 
recovery of extract from green malt.—Tradition-
ally, 8-10 days after steeping are allowed 
for the germination and growth of malt, 
though the present trend is towards much 
reduced periods. 8,11 I However it seemed that, 
in view of the extra enzymic potential of 
green malt, it might be suitable for mashing 
in less time than the traditional growth 
periods. Table I shows that optimum 
recovery of extract was achieved after 6 
days of growth, which suggests that the 
standards of modification involved in respect 
of kilned malt have little significance in the 
present connection. It may be noted that 
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TABLE I 
RECOVERY OF EXTRACT FROM GREEN MALT 
Carbohydrate 
recovery 
Days on floor S.G. of wort I 	(%)  
TABLE III 
CARBOHYDRATES*  OF GREEN AND KILNED MALT 
WORTS 
Green I Kilned 
malt 	malt 
3 13•87 51•3 	Dextrin 	.. 	.. 	.. 138 24-30 
4 21•44 75•6 Maltotriose .. .. 201 14-18 
5 2413 853 	Maltose 	.. .. .. 513 42-45 
6 2786 96•7 Sucrose .. 	.. 	.. 2•6 3-5- 
7 2813 974 	Glucose + fructose .. 122 8-10 
8 28•20 97•7  
Results expressed as % of total carbohydrate 
recoveries of extract remained substantially 
low until enzymic potential had attained 
90% of its maximum (cf.l.°). 
Quality of worts obtained from green malt.—
Analytical values for worts made from green 
malt as compared with those from kilned malt 
revealed substantial differences (Table II). 
TABLE II 
WORTS PREPARED FROM GREEN AND KILNED MALTS 
Kilned 	Green 
malts I malt 
Specific gravity 	 .. 1028 1028 
pH 	 .. 56 575-60 
Colour.. 	 .. 3 8-10 
Nitrogen (mg. per 100 ml.) 	.. 40 60-75 
Amino nitrogen (% of total) 33 40 
Fermentability 	.. 	.. 75 86 
Carbohydrate recovery (%).. 98 99 
005-015 Anthocyanogen 	.. .. 045 
As the recovery of carbohydrate is almost 
complete in infusion mashing, little improve-
ment from this aspect is to be anticipated 
from the use. of green malt, so that it was 
satisfactory to find that recoveries from the 
two materials were equal. However, the 
worts from green malt were substantially 
more fermentable than those from kilned 
malt, doubtless because of the activity of 
limit dextrinase in addition to the high level 
of - and fl-amylase activity which is associ-
ated with green malt. Detailed analyses of 
wort carbohydrates (Table III) showed that 
values for maltose and maltotriose were 
abnormally high at the expense of dextrin. 
The high values for glucose and fructose are 
to some extent attributable to the activity of 
invertase, as the value for sucrose is lower 
than usual: Proteolysis also proceeded much 
further in the mashing of unkilned material 
than when conventional malts were used, as 
is reflected in the high values obtained for 
both soluble and amino nitrogen (Table II). 
Possibly the relatively high colours obtained 
in these worts were due to the presence of 
abnormally high amounts of amino acids, 
which could take part in the formation of 
melanoidins. A specially noteworthy feature 
of the worts made from green malt was that 
they contained very little of the anthocyano-
gens, substances which are believed to play a 
significant part in the formation of beer haze. 
It appears that these are destroyed by the 
enzyme anthocyanogenase (cf. 9 "°"), and 
this may have considerable significance in the 
future in improving the stability of beer. 
Unboiled worts from green malt differ from 
conventional worts in that they have the 
aroma and flavour of the raw grain. Presum-
ably the components responsible are removed 
during the kilning of conventional malts. 
The undesired aroma and flavour were, 
however, eliminated by boiling, either at 
atmospheric or reduced pressure, until the 
volume of wort was reduced by about 10%. 
The temperature of mashing influenced 
the qualities of worts from green malt in the 
same way as when kilned malt is used 
(Table IV). Thus, in typical cases, yields of 
extract and recovery of carbohydrate were 
maximal at 150'F., whereas the amount of 
solubilized nitrogen decreased as the mashing 
temperature increased. There was also a 
trend toward higher contents of anthocyano-
gen at higher temperatures. 
At this point reference may be made to the 
analyses given in Table V for worts made 
from green malt which had been freeze-dried. 
Samples which had been crushed and minced 
prior to drying were examined along with dry, 
whole malt. Crushing in a laboratory mill, 
though yielding material which was readily 
dried, impaired the diastatic properties of the 




INFLUENCE. OF MASHING TEMPERATURE ON GREEN MALT WORTS 
140°F. 145°F. 150° F. 
Specific gravity 	.. 	 .. 	 .. 10286 10295 1029•7 
Extract (lb. per Qr.) 	.. 	 .. 	 .. 99•3 102.6 103 
Fermentability (%) 	.. 	 .. 	 .. 902 873 821 
Carbohydrate recovery (%) .. 	 .. 922 	. 96•4 97.3 
Total nitrogen (mg. per 100 ml.) .. 647 634 620 
Amino acid nitrogen (% of total) 	.. 433 401 37.3 
Colour.. 	.. 	 .. 	 .. 	 .. 5 8 .6 
PH 	.. 	 .. 	 .. 	 .. 	 .. 59 5.8 58 
Anthocyanogen .. 	 .. 	 .. 007 009 	. 0.11 
TABLE V 
FREEZE-DRIED GREEN MALTS AND WORTS THEREFROM 




Moisture (%) . 	 .. 	 .. 	 .. 70 2 007 2-3 
Diastatic Power ( °L.) .. 	 .. 	 .. 74 . 72 45 25-35 
Extract (lb. per Qr.) 	.. 	 .. 	 .. 103 1028 1058 100-102 
Worts: 
PH 	.. 	 .. 	 .. 	 .. 	 .. 61 62 61 5•6 
Colour (E.B.C.) .. 	 .. 	 .. 6 11 9 	. 4-7 
Total nitrogen (mg. per 100 ml.) .. 660 . 	 60 614 50 
Fermentability (%) 	.. 	 .. 	 .. 8I8 873 84•5 75 
Carbohydrate recovery (%) .. 	 .. 98•8 97•2 1010 98 
Anthocyanogen 	.. 	 .. 	 .. 0.055 0065 0.101 0•4 
malt. 	Nevertheless, sufficient enzymic 
potential survived to effect a very high rate 
of conversion, so that the wort produced in 
the normal way was little different from those 
yielded by either the other dried samples or 
by wet green malt. Although for economic 
reasons freeze-drying scarcely comes into 
consideration for general purposes, the 
material may be of interest from the point of 
view of haze . prevention because of its 
anthocyanogenase activity. 
Conversion of unmalted cereals with green 
nuzlt.—Worts from 100% green malt grists 
may be considered too highly fermentable 
and to contain too much nitrogen for con-
ventional fermentation. On the other hand, 
worts from grists comprising conventional 
malts and very high proportions of unmalted 
starch contain relatively little nitrogen and 
may be insufficiently fermentable. Mixed 
grists of green malt and raw grain, therefore, 
offer a suitable compromise. Initially trials 
were made using, alternatively, unmalted 
flour from soft wheat or crushed barley. 
As will be seen from Table VI, these grists 
gave worts which were very similar to labora- 
TABLE VI 
WORTS FROM MIXED GRISTS 
green ialt green malt 
50% wheat 50% 
flour 	barley 
Specific gravity 	.. 	 .. 10299 1028-7 
Extract (lb. per Qr.) .. 1033 1016 
Fermentability (%) 	.. 800 782 
Carbohydrate recovery 
(%) 	.. 	 .. 97.() 965 
Total nitrogen (mg. per - 
100 ml.) 	.. 	 .. 	 .. 422 402 
Amino acid nitrogen (% 
of total) 	.. 	 .. .36.6% 35.3% 
Colour 	.. 	 .. 	 .. 6 6 
PH 	. 	 .. 	 .. 	 .. 5.7 5.7 
Anthocyanogen .. 	 .. 006-008 0.11 
tory worts from kilned malts, with the excep-
tion that they contained very little 
anthocyanogen. 
Further trials were made to see (a) if the 
proportion of green malt used could be 
reduced, and (b) whether pre-treatments 
such as gelatinization or soaking of the raw 
grain is advantageous. With regard to (a), 
good recoveries of extract could be obtained 
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from mixed grists in which the proportion of 
greenmaltwaavaried between 50% and 5%. 
Provided that thin mashes (116%) were 
employed, there was no significant difference 
in recovery of carbohydkate (98-99%) 
between mashes in which finely-ground 
barley was used and others in which the 
barley had previously been either gelatinized 
or soaked (Table VII). Nevertheless, the 
latter materials were converted more rapidly 
enzymes derived variously from bacteria and 
fungi. Laboratory mashes were therefore 
made using chiefly two commercial enzyme 
preparations, one an amyloglucosidase and 
the other a bacterial amylase. When amylo-
glucosiths acts-o--barley- starch- the. .sugar 
produced is almost-entirely-glucose with only 
traces of maltose and maltotriose. This 
compares with malt amylases which produce 
a range of sugars in which maltose and 
TABLE VII 
WORTS 3mow GaEN MALT A14D BA,ni.zy 
Nitrogen 
Mash concn. Antho- (mg. per 100 
(ml. per 50 g.) 	S.G. cyanogen Fermentability ml.) 
Untreated 100 10274 010 74. 361 
150 10287 0•14 691 356 
300 10295 012 642 33.8 
Pre-soaked 100 10278 007 760 38•1 
150 1029•5 0.11 752 38•6 
300 10298 013 721 385 
Gelatinized 100 10269 007 709 285 
150 10288 009 70•0 285 
300 10295 008 66•4 29•4 
than the former. However, the thickness 
of the mash proved to have an important 
bearing, in that when the grist-liquor ratio 
was raised to 1 : 3 the recovery of carbo-
hydrate was less efficient, whereas when the 
barley was either soaked for 24 hr. or gelatin-
ized prior to mashing, good recoveries of 
carbohydrate were obtained. When the 
mash concentration was still further increased 
to approximately 1 2, i.e., somewhat higher 
than is generally used for infusion brewing, 
recoveries of carbohydrate in all cases were 
substantially reduced (89-92%). An inter-
esting feature (Table VII) is that the values 
for fermentability obtained for thick mashes 
are substantially higher than those relating 
to thin mashes, reflecting earlier experience.' 
Further, it will be observed that values for 
anthocyanogen are low and that gelatiniza-
tion somewhat unexpectedly reduces the 
solubilization of nitrogenous material. 
Coctvevsion of unmalted cereal using com-
mercial enzymes.—The finding that acceptable 
beers can be prepared from the mashing of 
green malt suggested the possibility that 
adequate breakdown of cereal starch in the 
mash tun might be achieved by means of  
maltotriose are the main fermentable sugars 
along with lesser amounts of glucose. It was 
found that, for efficient conversion, the 
barley needs to be gelatinized in the presence 
of a little enzyme, prior to mashing with the 
bulk of enzyme at the normal temperature. 
Obviously amyloglucosidase would be of 
interest should worts having high concentra-
tions of glucose be required, but keeping to 
worts such as are currently employed in 
brewing, then bacterial amylase is the more 
useful material. 
Bacterial amylase has an advantage over 
a.myloglucosidase in that it can convert raw 
grain or pre-soaked barley with practically 
the same high efficiency that it converts 
gelatinized barley. Moreover, it produces 
maltose as the major sugar with maltotriose 
and glucose, at rather lower levels than with 
malt amylase. 
The effects of rate of treatment with 
bacterial enzyme and of temperature (Table 
VIII) showed that optimum recoveries of 
extract were obtained by mashing at 150° F., 
though when the rate of treatment with 
enzyme was sufficiently high the losses of 
extract at higher temperatures were not very 
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TABLE VIII 
EFFECT OF BACTERIAL AMYLASE CONCENTRATION AND MASHING TEMPERATURE ON EXTRACTION 
Enzyme Mash Specific Nitrogen 
concentration temperature gravity in wort 
(%) (°F.) of wort (mg. per 100 ml.) 
0•1 145 10333 363 
0'2 10350- 368 
0•4 10357 37'1 
0'1 150 10353 34.2 
02 10363 338 
04 1037•8 35•3 
01 155 1034•5 308 
02 1035'3 300 
04 1037•0 30'6 
0•1 160 10321 273 
0•2 10341 300 
04 10369 31•3 
marked. The amounts of nitrogen solu-
bilized were .very much less than in the 
mashing of malt. However, as with con-
ventional mashing, the amount of nitrogen 
solubilized decreased as the mashing tempera-
ture increased, and the worts produced at 
lower temperatures contained a greater 
proportion of fermentable sugars than was 
the case with those produced at higher 
temperatures. Probably proteolytic activity 
would need to be supplemented when 
bacterial amylase was employed for con-
version if fermentation and head retention 
characteristics were to be preserved. 
EXPERIMENTAL 
Green malts were obtained either from 
commercial maltings or grown, from barley 
which had been steeped for 48 hr., in trays 
at constant temperature (68° F.) for 7 days; 
Mashing.—Green malt (90 g. wet weight) 
was .macerated in water (200 ml.) in a top-
drive macerator for three bursts of 20 sec. 
Between bursts, the contents were washed 
from the sides with water. The disinte-
grated material was then washed into mash-
ing beakers with sufficient water to make the 
total washings up to 100 ml. and rapidly 
heated to mashing temperature. Subse-
quently the mashes were treated in the way 
normally employed for analysis. 13 
With enzymes.—The a.myloglucosidase 
(3 g.; AGL—Glaxo Ltd., Barnard Castle, Co. 
Durham) was dispersed in warm water (5 ml.) 
and added with stirring to the mash which  
had been preheated to the required tempera-
ture. No attempt was made to remove the 
kieselguhr present in the prepdation. The 
Bacterase (0.3 g.; Norman Evans & Rais Ltd., 
Unity Mills, Stockport, Cheshire) was also 
dispersed in water (5 ml.) and added to the 
preheated mash. 
Moisture determinations of green malt.—A 
weighed sample (100 g.) of the green malt 
was poured into boiling 80% ethanol and the 
whole was refluxed for 0•5 hr. The mixture 
was cooled and filtered. The solid was 
washed with ethanol and with ether until the 
washings were colourless. The ethanolic 
extract and the washings were combined and 
evaporated to dryness under reduced 
pressure. The solid material was dried in a 
vacuum oven at 40° C. also under'' reduced 
pressure. The total weight of dry ethanolic 
extract plus dry grain gave the dry weight of 
green malt used. 
Analyses of worts.—These were carried out 
as described earlier.4 , u 
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BEER FROM UNMALTED BARLEY 
By J. R. HUDSON, Ph.D., F.R.I.C., I. C. MACWILLIAM, Ph.D., AND S. E. BIRTWTSTLE, B.Sc. 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Reéeived 6th April, 1963 
Beers brewed from a grist composed of 25% raw barley and 75% page ale malt 
compare favourably with commercIal pale ales in flavour, shelf life and head retention.  
INTRODUCTION 
THE substitution of unmalted barley, among 
other cereals, for malt in infusion brewing 
was advocated as long ago as 1883 by Lovi-
bond,3 who observed that barley and rye 
were superior to rice and maize which were 
more prone to variable behaviour following 
variations in grist: liquor ratio, temperature 
and standing time. Some 60 years later, 
Baker'—working with laboratory worts 
obtained from grists containing 50 or 25% 
of raw barley—noted particularly that the 
barley needed to be very finely ground to 
ensure that all the extract was recovered. 
He made the further point that the amount 
of nitrogen solubilized was substantially less 
than is obtained from an all-malt grist under 
the same laboratory conditions. Baker 
averred that 5-10% of raw barley could 
advantageously be used to replace an 
equivalent amount of malt in conventional 
infusion brewing. The present communica-
tion is to report results obtained when beers 
were brewed from grists comprising 25% 
barley flour and 75% conventional pale ale 
malt on the pilot-plant scale. 
EXPERIMENTAL AND DISCUSSION 
Following the successful brewings with 
flour from English soft wheat as 25% of the  
grist,2 a trial was made using a commercial 
sample of barley flour mixed with three times 
its weight of a normal kilned malt. This 
was satisfactorily extracted and converted, 
and attention was then turned to whole 
barley which was milled either with a Wiley 
mill (screen orifice, 004-in. diam.) or by 
successive passages through rolls rotating at 
different speeds (30:60 r.p.m.), the gap 
between the rolls being reduced to 0005 in. 
for the last passage. Whereas the Wiley 
mill reduced husk and endosperm indis-
criminately to a very fine grist, the roll mill, 
though grinding the endosperm to a very fine 
powder, left the husk relatively undamaged 
and this made for better drainage in con-
ventional brewing. 
The barley was mixed with three times its 
weight of Proctor malt (D.P. 330  L.) prior to 
mashing at 65° C. (150° F.) using a liquor: 
grist ratio of 2.4 brl. per Qr. After standing 
for 11 hr., sparging was commenced and 
continued at such a rate that the overall 
liquor: grist ratio was 63 brl. per Qr. No 
difficulties were encountered in running off or 
sparging and extraction was virtually com-
plete, so that the specific gravities of the 
worts were only about 1° less than is obtained 
from comparable all-malt brews. This differ-
ence is partly accounted for by the moisture 
content of the barley. The qualities of the 




Wowrs AND BEERS FROM GRISTS WITH 25% OF BARLEY AND FROM ALL-MALT GRISTS 
25% ground barley + 
75% Proctor malt 
Won: 
Fermentability .. 	.. 72-74% 
Nitrogen .. 	.. .. 70-73 mg. per 100 ml. 
Beer: 
Bitterness 	.. 	.. 26-29 mg. per litre 
Nitrogen .. .. 33-36 mg. per 100 ml. 
Anthocyanogen.. 	.. 061-066 arbitrary units 
Shelf life 	.. .. 16 weeks 
Head retention 
(half-life) 	.. 	.. 95-100 sec. 
100% Proctor malt 
75-76% 
90-95 mg. per 100 ml. 
23-24 mg. per litre 
44-48 mg. per 100 ml. 
068-072 arbitrary units 
approx. 12 weeks 
approx. 90 sec. 
worts were normal, except that their nitrogen 
contents were about 80% of those encount-
ered in all-malt brews. Fermentations were 
normal and gave beers which were free from 
foreign flavours, so that in later brews hop 
rate, colour and dry-hop rate were adjusted 
to give beers which were analytically similar 
to pale ales produced commercially. 
Typical analyses of worts and beers brewed 
as described above and of those obtained by 
using all-malt - grists under identical con-
ditions (Table I) showed that, in respect of 
shelf life and head retention, the beers 
brewed using barley were rather better than 
all-malt beers. Moreover, there was a 
sparing of hop bittering substances which 
was,probably attributable to the relatively 
low nitrogen content of the worts. Flavour 
was assessed by comparing the beers with 
pale ales from commercial sources in numer-
ous ranking tests carried out by tasters with 
a wide range of experience. In all such tests,  
the beers were found to he within the com-
mercial range. 
It may be noted that the reduction 
(15-20%) in nitrogen solubilized at mashing 
is not as great as reported by Baker (–..i50%), 
which is doubtless due in part to the effect of 
using, in the brewery, mashes. which are 
thicker than those produced by the standard 
laboratory method (cf. 4). 
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AUTOMATIC ANALYSIS IN BREWING 
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Received 20th June, 1963 
[Established methods for estimating: 100. the amino add nitrogen content of worts 
and beers using ninhydrmn; and DV. the dkstatic power of malts involving the ffrri 
cyanide technique, have been adapted for automatic operation. By adoption of 
such procedures, considerable saving of time is possible without substantial Doss of 
precis  ion 
INTRODUCTION 
PROCEDURES have been described in earlier 
papers of this series for the automatic estima-
tion of carbohydrates2 and for the continuous 
estimation of the reducing sugàrs formed 
during mashing. 3 Similar techniques have 
now been employed to estimate the amino 
acid nitrogen content of worts and beers and 
the diastatic power of malt. 
III. ESTIMATION OF THE AMINO ACID 
NITROGEN IN WORTS AND BEERS 
The estimation of the amino acid nitrogen 
content of worts and beers using ninhydrin 7 
was applied in the Technicon AutoAnalyser 
in the initial trials, but the relatively large 
amount of methyl cellosolve used to dissolve 
the ninhydrin proved troublesome in pumping 
and of considerable expense. However, an 
aqueous ninhydrin reagent 6 when slightly 
modified proved more suitable, with the  
result that employing stannous chloride as 
reducing agent and using standard solutions 
of glycine in the range 0-100 mg. per 100 ml. 
the plot of optical density against concentra-
tion of amino acid gave a straight line rela-
tionship. However, analysis of worts and 
beers by the automatic method and by the 
manual method involving use of potassium 
cyanide as reducing agent revealed (see 
Table I) that the former procedure yielded 
lower results. Nevertheless, the colour values 
so obtained can be directly related to the 
amino nitrogen figures that would be obtained 
manually or, alternatively, can be computed 
as amino nitrogen estimations and multiplied 
by a factor of 116. It may be added that 
use of the reagent incorporating stannous 
chloride in the manual method gave rise to 
erratic results, as did the use of potassium 
cyanide in the automatic technique. Com-
parison of the results of the automatic 
method with those of the manual method 
TABLE I 
COMPARISON OF THE AMINO ACID NITROGEN CONTENT OF WORTS BY THE AUTOMATIC AND MANUAL METHODS 
Amino acid nitrogen (mg. per 100 ml.) 
Ratio, 
Wort No. Automatic method I Manual method I manual/automatic 
1178 13•34 1•13 
541 669 123 
13•34 1623 1-21 
11•11 1221 110 
1098 12•16 111 
4•20 . 	 5•06 1•20 
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carried out from time to time by the addition 
of known amounts of amino acids to worts 
and beers revealed that the error of estima-
tion by the automatic procedure was .3-4%. 
IV. DETERMINATION OF THE DIASTATIC 
POWER OF MALTS 
Determinations of the diastatic power of 
malts involve extraction of the enzymes from 
the grain by water under defined conditions, 
followed by measurement of the enzymic 
action on soluble starch. The standard 
conditions laid down for the estimation by 
the Institute of Brewing, 5 by the European 
Brewery Convention,' and by the American 
Society of Brewing Chemists 4 are very similar 
in respect of the extraction process, but differ 
in techniques employed for the measurement 
of the reducing sugars formed by the action 
of the malt enzyme on soluble starch. In 
the first procedure titration with Fehling's 
solution is used to assay the sugars; in the 
second, iodine-thiosulphate titrimetry is em-
ployed, whilst in the third alkaline fern-
cyanide is favoured. In relating any auto-
matic determination to diastatic power deter -
mination as normally carried out in Great 
Britain, it might have been preferable to 
utilize the routine method employing Fehi-
ing's solution. It was, however, found 
impossible to use methods based on reduction 
of copper salts in the particular automatic 
apparatus employed in this work, because of 
the deposition of copper oxide in the heating 
coil and transport tubing. 2 On the other 
hand, the procedure using alkaline fern-
cyanide, which had been successfully em-
ployed to estimate the reducing • powers of 
worts,2  gave satisfactory results in measuring 
diastatic power as follows: - 
The extract containing the enzymes was 
prepared as described in the Institute of 
Brewing Standard Methods of Analysis for 
the determination of cold water extract, and 
used to degrade soluble starch essentially 
under the conditions laid down in the 
standard method but on a much reduced 
scale (see Experimental Section). 
The enzymes in a range of malts, of 
diastatic power varying between 10 and 100, 
were extracted and allowed to act on soluble 
starch. The resulting digests were examined 
by the standard procedure involving titration 
with Fehling's solution, and their reducing 
power was determined in the A utoA nalyser 
using alkaline ferricyanide as described above. 
When the diastatic powers, in degrees Lintner, 
determined by the former procedure were 
plotted against the reducing powers (as 
glucose) found by the latter method, a 











Diastatic power ('L.) 
Fig. 1.—Calibration curve for determination of 
diastatic power by automatic analysis. D.P. 
was determined by the recommended method 5 ; 
apparent glucose was determined automatically. 
over the whole range. This relationship has 
been used over a 6-month period for the deter-
mination of diastatic power. At intervals, 
samples were analysed by the standard 
procedure using titration with Fehling's 
solution, the results being compared with 
those obtained by the new procedure. On 
average, the latter gave results (30 deter-
minations) 16° L. higher than the standard 
method for malts within the range 10-45° L., 
and 31° higher (16 samples) for those of 
D.P. between 46 and 1000  L. These varia-
tions were within the limits of error of the 
standard method itself. 
As mentioned above, the estimations were 
carried out on much smaller aliquot parts 
(10 ml.) of soluble starch than hitherto 
(100 ml.). A pipette filled by gravity flow 
from a reservoir was used to dispense these 
smaller portions of starch with considerable 
saving in time and labour and with the 
additional advantage that danger of con-
tamination from salivary amylase during 
pipetting was avoided. If this economy of 
time and effort is added to that realized by 
the application of the AuloAnalyser to the 
estimation of the sugars, compared with that 
employed for the tedious titration with 
Fehling's solution, it is obvious that con-
siderable saving of these vital laboratory 
factors is effected by the new procedure. 
EXPERIMENTAL 
Amino acid nitrogen.—The AutoAnalyser 
was fitted as described in Part 1 2 except that 
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the dialyser unit was omitted. Since this 
unit normally has the additional function of 
damping out flow pulsations due to the pump, 
it was necessary to eliminate this effect by 
other means. Rather surprisingly, a steady 
flow to the colorimeter was achieved in this 
present work by re-cycling the flow from the 
heating bath to the colorimeter via the pump. 
The lay-out finally adopted is illustrated in 
Heating bath 
(95°C.) 
sheet, on which may be marked the height of 
standard peaks against concentration, pro-
vides a calibration curve which may be 
superimposed on any portion of the recorder 
chart, thus enabling the concentration of the 
solution represented by any given peak to 
be immediately determined. 
Alternatively, the use of the optical density 
of the blank reagent and any one standard 
Sampler 	
,oOod 






Sample - 080 
Air - 032 
Buffer - 160 
Mixing coil 	 .... 0 	Reagent I - 032 
AWI 0 	Reagent 2 - 042 
Cooling coil 
	
0 	Water - 032 
	
- 0 	 390 
o Flow rates 
(ml. per mm.) 
I Colorimeter 570 mp. 
Recorder 	 hH 	1 6 mm. flow cell 
Fig. 2.—Flow diagram for amino acid nitrogen estimations. 
Fig. 2. The optical density readings were 
measured at 570 m1.t. 
Reagents used were as follows 
Buffer: 01-M pH 50 phosphate /citric acid. 
Reagent 1: 0.2% aq. stannous chloride 
(SnC12 .2H20) prepared freshly for each 
series and filtered before use. 
Reagent 2: 0.25% ninhydrin in methyl 
cellosolve/pH 50 buffer (1: 4). 
Standard solutions: 10-100 mg. glycine 
per 100 ml. (results therefore are 
expressed in terms of glycine). 
Samples: worts are diluted 1–*20 and beers 
1--10 with water. 
The results were evaluated in one of two 
ways. The use of a translucent plastic  
may be used to establish the straight-line 
relationship between the optical density and 
the concentration. 
Diastatic power measurements.—The appar-
atus was arranged as described in Part 1.2 
Analyses by the different methods were 
carried out as described above, except in the 
case of the degradation of starch by the 
diastatic extract in which all volumes were 
reduced to one-tenth of those used in the 
standard procedure (see above). The modi-
fied procedure is as follows: Soluble starch 
(10 ml. instead of 100 ml.) prepared in the 
manner described is added to a test tube 
(6 in. x 1 in.), conveniently by means of a 
gravity filler, and the cold-water extract 
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(0'1-0.3 ml. depending on the diastatic 
power) containing the enzymes is then 
pipetted in. The tube is shaken and main-
tained at 25° C. for exactly 15 mm. using a 
stop-watch. 1-N Sodium hydroxide (0.3 ml.) 
is then added to arrest enzyme action, and 
the resulting solution is examined in the 
AutoAnalyser. 
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BREWING INDUSTRY RESEARCH 
FOUNDATION 
NEW COMMERCIAL MALTNG SYSTEMS 
By I. C. MacWilliam 
The traditional floor method of malt-
ing, unchanged for centuries, is now be-
ing superseded on a considerable scale. 
Although patents for pneumatic systems 
of malting had been taken out in this 
country as long ago as 1842, their in-. 
corporation in the Saladin box and 
Gallard drum forms did not take place 
commercially until this century. Much 
has been written about these installa-
tions which have from time to time 
been improved (see, for example, re-
cent review by J. M. C. Bruce, Brewers' 
Guild J. 1957, 43, 278) but it is not the 
purpose of the present review to con-
sider these methods but to describe sys-
tems which have been developed com-
mercially in the last ten years. It is 
significant that the impetus given to 
the development of continuous mashing 
and fermentation systems is also now 
being extended to the malting field with 
the result that several continuous and 
semi-continuous processes have recently 
been patented and are in commercial 
production. In all cases, the designs of 
the buildings and methods of working 
contain features which depart consider-
ably from tradition and little attempt 
has been made to adapt old units or 
buildings for the new procedures. The 
new systems have been developed in 
many different parts of the world, in 
Santiago, Chile, in Canada, Belgium, 
Austria, Germany, France and the U.S.A. 
Unfortunately details of the processes 
have been largely confined to patent 
specifications which are not readily 
accessible to the casual reader and 
which are often not easy to follow since 
they are written in a style demanded  
by patent law and procedure. Review 
of these processes have been publishec 
recently in French (Y. Cauwe, Brasseri 
ci Malterie de Belgigue 1962, 12, 236 
and in German (W. Kleber, Brauwelt 
1962, 102, 1117) but none has so fai 
appeared in English. This paper aims tc 
remedy this deficiency and divides th 
new systems into two main classes de 
pending on whether the germinatin 
grain moves either (a) horizontally 0: 
(b) vertically. It is possible, however 
in the present review to give only brie 
details of each system. For complet 
descriptions the reader should consul 
the references given at the beginning o 
each section. 
Horizontal systems 
These comprise (1) Ostertag 0 
Wanderhaufen; (2) Domalt; (3 
Morel; (4) Saturne; (5) Kardos; am 
(6) Schwill. 
Vertical and Inclined Systems 
These include (7) Rotzler; (8) Popp 
(9) Chevalier; (10) Graff; (11) Kling 
and (12) Frauenheim. 
HORIZONTAL SYSTEMS 
I. Ostertag—Wanderhaufen (K. Oster 
tag, German Patent DBP Anm. 6a, 
1,048,853; British Patent 812,302, 1956 
Die Brauerei 1953, 7, 326). 
This semi-continuous method was sug 
gested in the previous century in a paten 
granted in Copenhagen in 1878. The pre 
sent system was developed by Osterta 
and von Reininglaus at Reininglau 
Brothers Brewery, Graz, Austria. Simi 
lar plants have been built in Germans 
Fig. 1 Diagrammatic Representation of Wanderhaufen System 
pan, Czechoslovakia, Spain, Italy and 
eland (for Minch Norton Ltd., Athy, 
o. Kildare; see description in the 
REWERS' JOURNAL 1959, p. 460). One 
is recently been completed in Britain. 
r this system the germinating barley is 
issed along a long box or 'street' be-
ig cast from the steep at one end and 
aded into the kiln at the other. The 
reet has a perforated floor, the area 
riderneath which is divided into 16 or 
Lore sections (see Fig. 1). During each 
hours the barley is moved one see-
on along the floor by a chain and 
ucket turner. Thus at the end of the 
rst 12 hours the first piece has been 
Loved on one section and a second one 
then cast immediately behind the first 
ne. No divisions are placed between 
re pieces. After a predetermined number 
1 days the malt is moved to the kiln 
hich in some cases has been designed 
form the last section of the street. 
hree fans control the flow of air 
irbugh the perforated floor. Fan 1 
raws hot air from a furnace and blows 
into the centre of the main distributory 
uct from which some is led into fan 2. 
he latter supplies the first 5 sections 
f the box with any desired mixture of 
us air with moist warm air which has 
een withdrawn from the germinating 
rain whilst it passes warm atmospheric 
ir only to sections 6 to 15. Fan 3 is a 
Doling fan only and provides air to 
ctions 16 to 19. If desired the box can 
e supplied exclusively by fan I. 
The system possesses the advantages 
at (i) the first six sections can be used 
r sweating barley; (ii) one turner can 
e used for several streets and gives a 
entle turning action with no rootlet  
damage; (iii) washing down procedure 
is greatly reduced and by always leaving 
a section empty, cleaning can be car-
ried out whenever convenient within a 
12 hour period. Thus it is possible to 
clean every section of the box every 8 
days or less. Steep water drains away 
from the first two or at the most four 
sections and thus allows moulds little 
chance to develop. 
2. Domalt: (W. E. Stoddart, F. R. 
Graesser, D. L. Thompson and R. N. 
Keir, Canad. Patent 622,557; British 
Patent 891,289 (31 Aug. 1959) to 
Dominion Malting Co; W. E. Stoddart, 
F. R. Graesson and J. P. Wasson, 
Proc. Eur. Brew. Cony. Vienna, 1961 
105). 
This plant, built by R. W. Boby Ltd.. 
of Bury St. Edmunds, for the Dominion 
Malting Co. at Toronto is the first fully 
continuous plant in commercial produc-
tion. It consists of four main units (Fig. 
2) in the first of which barley is taken 
into a buffer hopper, is passed through 
a variable volumetric metering device 
and meets an inflow of water. The mix-
ture is then pumped to an inclined rotat-
ing tube inside of which and attached 
to the wall is a continuous perforated 
spiral. The lower end of the rotating 
tube is perforated to allow the water 
which has transported the grain from 
the feed control to escape. As the grain 
ascends the rotating spiral it is sprayed 
and washed with water flowing in the 
opposite direction. The washed barley 
then passes to the second or wet ger-
minating unit which comprises a per-
forated moving apron set at mid-level 
in a long rectangular casing. A spreader 
1g. 2 Diagram-
satic layout 01 
Domalt System 
ensures that the height of grain does not 
exceed 30in on the apron. The speed of 
the latter can be altered as required 
whilst suitably conditioned air at al-
most 100 per cent relative humidity and 
attemperated according to conditions is 
passed through the germinating barley 
from the lower part of the unit and is 
removed through ducts in the upper part. 
The grain may also be suitably sprayed 
in this first germinating unit and is 
turned mechanically as it moves from 
left to right (see Fig. 2). The washing 
and spray treatment together with the 
considerable aeration given in this sector 
eliminates the need for the traditional 
steeping and ensures that the barley has 
reached the chitting stage as it drops 
by gravity to the third unit or dry ger-
mination sector where it is turned 
mechanically at intervals but not sprayed 
as it moves along a second perforated 
apron from right to left finally falling 
again by gravity to the final unit i 
which kilning is carried out. The a 
passing through the kilning section 
relatively dry and at a temperature sui 
able for the type of malt produce 
and the time cycle in operation. 
The whole system requires a buildir 
plot 226ft long by 40ft wide and 50 
high. Lack of space prevents detail 
description of additional features of th 
plant such as continuous cleaning 
the undersides of the conveyors, laggir 
of the unit and automatic warning di 
vices which bring the system to a ha 
if anything fails at any point. 
3. Morel: (J. Morel, Bulletin an 
Elev. Ecole Brass. Nancy 1960, 56, ( 
36). 
In this system. a row of 10 trucL 
is employed each of which carries 
batch of grain throughout all the pr 
cesses. The trucks are open, have pe 
Fig. 3 (a) Diagrammatic layout of Morel System 
Fig. 3 (b) Diagrammatic layout of Morel System 
rated floors and are placed end to 
d along the line (Fig. 3a). Barley is 
eped for 24 hours and dropped intc 
first truck. This is then moved 
rward and in the first two positions 
grain is sprayed with water and 
rated. This treatment allows the initial 
ep to be restricted to, 24 hours. Three 
-circulating units feed air below the 
icks through ducts placed between the 
Is (see Fig. 3b). Detachable side-plates 
ping into water troughs at floor level 
-m air-tight joints between the lower 
rt of the trucks and the ventilating 
tern. One unit feeds the first two 
ick lengths, a second the next four, 
vering the period of active germin-
on and the third the last two. Each 
ck, therefore, remains for 8 days 
ring the germination phase being 
shed forward its own length every 
hours. A single turner is moved over 
trucks and serves to turn the grain 
each when needed. At the end of 
germination period, the truck is 
shed into the kilning system through 
air-tight door. After 24 hours kilning 
complete, the truck is moved out 
i its contents tipped into a hopper. 
e empty truck is then brushed clean 
I returned to receive a fresh load 
steeped barley. 
I. Saurne: (Y. Cauwe, Belgium Pat. 
1764 3/1 /61: German Patent C25,893 
/6a 3/1/62; French Patent 883.695 
/62: British Patent appl. 6775 9/2/62. 
it I. du Brasseur 1962, 23 Feb. p.  132; 
'u'ers' Guild J. 1962, 48, 424.) 
This system possesses several of the 
features of the previous one utilising a 
series of trucks, in this case arranged 
in a circular manner, to carry out a 
three phase process of spray-steeping, 
germination and kilning. The grain is 
resteeped on a floor above the trucks 
and dropped by gravity into one. As in 
the Morel system the grain is sprayed 
during the first 2 days in the truck and 
is suitably aerated by fans arranged as 
shown in Fig. 4a. A single turner 
operates throughout the line of trucks 
which are moved their own length 
toward the kiln at the end of each 
24 hours. In this system the kilning 
zone can be divided into several stages 
by intermediate fixtures. The space 
enclosed by the circle of trucks (Fig. 4b) 
is used to house the barley silos and the 
barley and malt screening arrangements. 
Systems (3) and (4) possess the advan-
tage that heavy lifting gear is not 
required. Additional lines may be added 
in both systems, particularly on the 
Morel type whenever necessary. Since 
the trucks pass through the kilning 
phase, they only require to be brushed 
clean and not washed. All units are in 
use almost continuously and none re-
quires great capital outlay. 
5. Kardos: (A. Kardos, U.S. Patent 
2,676.140, 20 April 1954). 
This employs a circular design with 
germination and kilning being carried 
out in a series of annular conveyors 
arranged in stacks one above the other. 
Steeping tanks are placed on the fourth 
Fig. 	Diagram - 




floor and the grain is discharged from 
these into a feeding hopper extending 
across the conveyor at the beginning of 
the germination zone. The conveyors, 
which have perforated bottoms and cir-
cular walls (Fig. 5), are supported within 
a housing which is rotated at a very 
slow speed so that it completes a single 
revolution in the time required for the 
germination and drying of the malt. 
The housing includes at least four 1ev 
of container. Radical partitions 2 
provided between the second and t 
third levels to divide the latter ir 
a germinating zone and a kiln ar 
These partitions include rotating seali 
vanes which dip into the grain in I 
conveyor to prevent mixing of the 
in the germinating and kilning zon 
Further shutter arrangements are p1 
Fig. tDiagrammatic 
of Kardos 
ided below the conveyor. The equip- 
wnt required for attemperating and 
eating the air in the different zones 
housed on the first floor. An auto-
atic loader removes the kilned malt 
rom the conveyors and recharges them 
.'ith a fresh portion of steeped barley. 
6. Schwill: (Brewers Digest (Chicago) 
956. Oct. p.65; Brasserie et Malterie de 
elgique 1957, 315.) 
Albert Schwill and Co., of Chicago, 
J.S.A., have developed recently an 
lectronically-controlled, fully-automated 
-ialtings incorporating many new 
eatures of building design. The plant 
of 27,000sq ft for a yearly capacity of 
+m bushels, has three distinct depart-
rients, namely steep area, germination 
nd kilning compartments and machine 
oom (Fig. 6). In this system germination 
nd kilning are carried out in one corn-
artment, without any transfer of grain. 
Ehree steep tanks of 45ft by 15ft (4,200 
ushel capacity) of steel-reinforced con-
rete are employed, the bottoms of 
vhich slope towards the centre to 
acilitate automatic loading. The grain  
is pumped with water through a conical 
separator placed above the tank which 
removes excess water from the grain 
and washes it. The tank is filled and 
the barley further washed, skimmed 
automatically and aerated. It is then 
pumped with water into one of 5 
germination compartments of 5,000 
bushel capacity each (Fig. 6). In these 
the grain is subjected to the slowly 
moving helices of the turning machine 
which runs backwards and forwards 
along the compartment. The walls of 
the latter are of +in stainless steel and 
the bottoms are movable and perforated 
to allow circulation of the air. Since 
the compartments serve for both kilning 
and germination, special care has to be 
taken in their construction to isolate 
them from one another since adjoining 
ones may be at different phases of the 
malting process and therefore at different 
temperatures between 55 deg and 
200 deg F and at different relative 
humidities. The compartments are 
separated by air spaces, layers of 
plastered brick, mastic and fibreglass 
which ensures full insulation. At the 





Fig. 6 Schematic drawing of Schwill Plant 
end of the compartment is raised auto- The temperature in the compartmen 
matically and the compartment floor during germination does not vary bi 
is set into discharge motion and empties more than 2 deg F at any two points 
the malt into storage silos. After the The whole system is operated from th 
malt has been completely removed, the 	ultra-modern electronic control roorr 
floor is returned to its original position. indicated in Fig. 6 by the black zone. 
	
hegee'eflap 	
hi I 'kIuft — umsteJlwapAe Keynze//en - An/age 
Sle/keg bei,, We,,de, 	 - . 	9erminating_pjgjy 
p/s/tie,, d,eg 	 r- • _________ - jFkss/gAd5eesch/ei? 

















7. Rotzler: (W. Rotzler, German Pa-
ent DBP Anm. 6a, 3, 1,048,249, 8.1.1959; 
rauereitechnicker 1959, 11, 48). 
In this zig-zag system the barley is 
illowed to fall slowly by gravity down 
anals of perforated metal placed in 
parallel as shown in Fig. 7. The canals  
are wider at the base than at the top 
to allow for swelling of the grain during 
germination and to prevent too great 
a pressure on the bottom layers of grain. 
The zig-zag arrangement also assists in 
spreading the load on the lower layers. 
Air is pushed through one side of the 
canals (+) and withdrawn through the 
other side (—) as indicated by the signs. 
This serves to remove germination pro-
ducts such as carbon dioxide. At the 
base the germinated grain drops directly 
into a vertical kiln. 
8. Popp: (H. Popp, U.S. Patent 
2,891,892, 1959; German Patent DBP 
Amm. 1,054,408). 
This method was developed in 
Santiago, Chile, and a series of the units 
have been built there and in a Danish 
maltings. in it, grain is germinated in 
a closed steel vessel (3.5 metres in 
diameter, 5.3 metres in height) which 
has a perforated bottom (see Fig. 8) 
and is pressurised. The grain, generally 
in a layer 2-2.3 metres in height, is 
turned pneumatically as follows. A 
compressor builds up pressure in the 
vessel connected to the germinating 
cylinder. The latter is opened at the 
the top and at its connexion to the 
pressure vessel. The release of pressure 
sent through the bottom of the germin-
ating vessel lifts the mass of grain like 
a piston in a cylinder and turns it 
completely after which it falls slowly 
against the countercurrent of the last 
draught of air. Some of the air can be 
recirculated and fresh air is drawn in 
at the point shown in Fig. 8. The 
recirculated air is washed and cooled 
directly by water jets in the tower placed 
between the pressure and germinating 
vessels, it is possible that several 
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Diagrammatic Drawing of Chevalier Sysem 
germinating towers can be served by 
a single pressure vessel. 
9. Chevalier: (H. M. J. Chevalier, 
British Patent 884,535, 21 April 1959). 
This system may be described not as 
a vertical but rather as an inclined one. 
Here, the grain is steeped by conven-
tional means and is delivered to the 
top of an inclined perforated metal tray 
resting on girders (Fig. 9a). 
The tray is housed in a compartment, 
seven of which are placed one above 
the other. Steeped barley is fed to the 
lowest tray, the slope of which is so  
arranged that with the angle members 
(Fig. 9b) being moved at the appropriate 
rate, the layer of barley travels through 
the compartment in 24 hours. The flanges 
of the angle members prevent any grains 
or shoots becoming permanently lodged 
in the perforation of the tray and slow-
ing it down or blocking the air-flow. 
As the grain reaches the lower end it 
is acted upon by an undercutter and 
drops into a trough from which it is 
taken by conveyor to the inlet of the 
next compartment. If by any chance 
irregularity of treatment occurs to a 
portion of the grain in one compartment, 
10 
it will occupy a different position in the 
next one and a uniform product will be 
obtained. The grain issuing from the 
compartments after the 3rd and 4th days 
growth is subjected to an air draught 
and the action of a vibrating table to 
isolate the heavier, slower-germinating 
grains which are recycled to a lower 
compartment. in the conduit below the 
perforated tray, a motor is placed as 
shown in Fig. 9c together with a number 
of heat exchangers and a two-way pipe-
line for circulating heating or cooling 
liquid. The pipe-line continues upwards 
and downwards within the channel to 
serve other compartments. A shutter 
(Fig. 9c) is used to alter the air flow 
through the grain. A prototype of this 
system is in operation at Avesnes in the 
north of France. 
10. Graff: (Graff, German Patent 
D.R.P. 1,048: 248 (Cl 6-a, 8.1.1959). 
British Patent 861,456, 1957). 
This plant has been installed by the 
Columbia Matting Co. of Chicago, 
U.S.A. Steeping is carried out by con-
ventional means and the soaked barley 
is conveyed by elevator and spread by 
a rotary distributor into one of a series 
of compartments arranged in a circular 
manner round a central ventilating shaft 
as shown in Fig. lOa. After one day's 
germination in this compartment, the 
grain is removed from the bottom and 
passed by the elevator to the top of 
the next compartment where the process 
is repeated. After the appropriate number 
of daily transfers the grain is moved 
to the kilning section. To provide 
ventilation in the germinating sectors, 
air is drawn in downwards through the 
central ventilating shaft (Fig. lOb) and 
is delivered upwards through passages 
adjacent to the outer walls of the ger-
minating compartments. The latter are 
Fig. 10 (b) 
Fig. 10 (a) Schematic Drawing of Grail 
System 
perforated on the sides connecting to 
the air-uptake but not to the central 
ventilating shaft. Exhaust shafts lead 
from the top of the germinating 
compartments to remove respiration 
products. 
11. Kling: (Kling, German Patent 
DBP 833,940, 18 March 1952). 
This system employs a well-shaped 
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Fig. 11 Diagrammatic Drawing of Kling 
System 
placed one above the other. There are 
no partitions between the floors which 
serve as tip-trays. After one day's growth 
on the top floor, the latter is tipped 
and the grain drops by gravity to the 
next level which has just previously been 
cleared to the floor below. The heating 
and cooling of the grain can be adjusted 
by the passage of air through the side-
walls of the building (see Fig. 11) with 
air going up the passage on the right 
and down that on the left. The C0_.- 
content of the atmosphere at the lower 
levels can be left reasonably high to 
provide restriction in growth during the 
final phases of germination. 
12. Frauenheim: (E. E. Frauenhejm 
Jnr. Proc. Eur. Brew. Cony. Rome, 1959, 
100). 
This plant was built for the George 
J. Meyer Malt and Grain Corp. at 
Buffalo, N.Y., U.S.A., and comprises a  
vertical concrete tower capable of 
handling one and a quarter million 
bushels of grain per year and housing 
the equipment for all phases of the 
malting process. At the top of the 
tower, the vacuum fans, exhaust stacks, 
barley filling conveyors and stacks are 
placed (Fig. 12) above two levels of 
steep tanks. Immediately below these are 
six floors of germination compartments 
and two floors for kilning, all arranged 
vertically beneath one another. Finally, 
at the base of the column the 
collecting hoppers, furnaces and auto-
matic controlling devices are housed. 
Four individual units are built within 
the tower thus allowing four different 
types of malt to be produced at 
the same time if necessary. The four 
units are built within the tower thus 
(on right) and are separated from the 
outer walls of the tower by ventilation 
shafts. The flow of air in this system 
involved the use of three main streams 
from (1) the atmosphere (2) the 
germination boxes and (3) the kilns. By 
employing any of these streams of air 
alone or in mixtures, they can be used 
to heat or cool the grain at any phase, 
provide carbon dioxide rests and heat 
or cool the building itself. In winter, 
warm air from the kiln can be sent 
up the outer wall of the four units, 
thus maintaining a suitable tempera-
ture in them whilst in summer cool 
germination air can be sent down the 
outer wall to lower the temperature in 
the various units. Since this system 
enables the flow of air to be reversed, 
it is claimed that it helps to maintain 
uniformity of growth during germin-
ation. This system can be built in 4 
sizes capable of dealing with 5, 10, 15 
and 20 thousand metric tons per year. 
CONCLUSION 
Since most of these systems were 
developed only a few years ago, results 
of direct comparisons between one 
another or even between an individual 
system and conventional floor malting 
are not yet available to any extent. 
Cauwe (Brasserie et Malterie de Belgique 
1962, 236) has made some calculations 
on the ground surface occupied by and 
the volume of the buildings for certain 
of the systems required to produce 120 
tons per day in each case. The figures 
are listed in Table I and indicate the 
considerable saving of ground space par-
ticularly in the Frauenheim (12) and in 
the Domalt (2) continuous system. At 
12 
i1I 
present, it is not possible to estimate 
the costs of operating or building these 
individual systems but it must be remem-
bered that cost may not be all important 
in many cases where shortage of labour 
and the advent of continuous brewing 
will influence considerably which new 
system is to be preferred. 
It must be borne in mind that the 
systems described above are, basically, 
more mechanised forms of the traditional 
process. The more careful control of 
temperature and airflow speeds up the 
processes in most cases but no claims 
are made in any of them, that malting 
loss is substantially reduced. It is un-
fortunate that these processes take no 
great account of this aspect of malting 
since much attention has been paid in 
laboratory and in micromalting studies 
to methods designed to reduce malting 
loss and at the same time to accelerate 
the malting process. These developments 
fall into two main categories. Firstly, 
there are those which involve the use 
of combinations of physical effects, 
between air, moisture, temperature, time 
of steeping and flooring, and secondly, 
those which employ defined additives 
such as growth regulators (e.g. gibber-
ellic acid) and other substances (e.g. 
potassium bromate). The two approaches 
may even be combined. 
In the first of these laboratory develop-
ments, the grain is steeped for a short 
period, allowed to germinate for about 
3 days, resteeped for 24 hours and then 
left until germination is complete. Under 
properly controlled conditions of time 
and temperature this kind of process, 
named resteeping, kills the roots (which 
become brown and shrivelled) and results 
in a faster rate of modification than is 
usual. An increase is thus obtained in 
the yield of malt without adverse effects 
on the analytical and brewing properties. 
Trials in a drum malting on the indus-
trial scale (M.V.B. Riviere, J. inst. Brew. 
1961, 67, 387) have confirmed the 
laboratory results. The conditions used 
on the large scale were 30hr steeping 
at 55 deg F, 60hr germination at 60-64 
deg, 24hr resteeping at 60 deg and 54hr 
autolysis at 45-46 deg. 
The use of resteeping to control 
growth prompted further investigations 
on malting procedures by multiple or 
flush steeping techniques which are 
known to accelerate malting but which 
Fig. 12. Schematic Drawing of 
Frauenheim System 
have received little attention in the past 
as they also encourage vigorous growth 
that can easily get out of hand, causing 
excessive malting loss and the produc-
tion of malts having low extracts. A 
combination of these rapid malting 
processes and resteeping, at present on 
the experimental scale, has shown that 
malt of good quality and in high yield 
can be prepared in as little as 4 days 
by maintaining the temperature at 
IS deg C throughout the germination 
phase of the malting process whereas in 
previous work on resteepirig and in the 
earlier work on multiple steeping, only 
the early stages were conducted at this 
temperature. When higher temperatures 
are used during steeping, periods of 
immersion have to be considerably 
shortened. Thus when steeping is carried 
out at 40 deg C (104 deg F) the grain 
is covered with water for as little as 
3hr 20mins. 
As rootlet growth in these new malting 
processes is largely restricted it seemed 
that the temperature of the piece might 
be controlled merely by blowing humid 
air through it. This would obviate the 
usual practice of turning and make it 
possible to carry out both steeping and 
germination in a single static vessel. 
Moreover the short steeping times 
referred to above make this possibility 
still more attractive. Small scale plant 
which has now been devised on these 
lines has an approximate capacity of 
561b and provision for controlling the 
temperature of successive steep waters as 
well as the rate of flow, humidity and 
temperature of the airstreams (A.A. 
Pool, I. Inst. Brew. 1962, 68, 476). 
The results of trials show that 
there is no difficulty in maintaining a 
uniform temperature throughout the 
piece without turning it and that its 
temperature may be adjusted to any 
desired value simply by altering the 
temperature of the airstream. A similar 
type of apparatus has also been built 
in Germany (P. Hilpert, German Patent 
DBP, 1,026,716, 6a, 4H, 24, 780 (1958) 
Brouwelt 1958, 98, 740). 
Turning to the second development 
in malting processes, gibberellic acid is 
the most widely-used additive employed 
to accelerate the malting process and 
has already found commercial appli-
cation (see review by D. E. Briggs, 
I. Inst. Brew. 1963 in the press). When 
applied either by sprinkling or steeping 
at concentrations of 0.2-0.5ppm, this 
material reduces the germination period 
from 9-10 days to 7-8 days. In some 
cases the use of gibberellic acid 
leads to the production of malts 
with high figures for permanently 
soluble nitrogen and colour. These Un-
favourable increases may be overcome 
by the combined use of gibberellic acid 
with potassium bromate, a compound 
previously found to restrict proteolytic 
activity. Concentrations of SOOppm of 
bromate with gibberellic acid as above, 
when applied either as a spray or in the 
steep, result in the production of malts 
whose level of permanently soluble nitro-
gen is reduced below that of the control 
malt prepared without additives. This 
is achieved without depressing the ex-
tract appreciably or extending the malt-
ing period which in this case is only 5 
days. (A. Macey & K. C. Stowell, Proc. 
Eur. Brewery Cony., Vienna 1961, 85). 
Research has shown that gibberellic 
acid stimulates not the embryo but the 
aleurone layer to secrete the enzymes 
which modify the endosperm. It is pos-
sible, therefore, that malting can be car-
ried out without the agency of the barley 
embryo. It is thus not difficult to en-
visage systems in which the aleurone 
layer is stimulated by gibberellic acid or 
other substances during steeping after 
which the embryo is killed by suitable 
treatment to eliminate its own and root-
let growth but not to restrict enzymic 
modification of the endosperm. Malting 
loss will be expected to be very small and 
commercial malting could be carried out 
perhaps more effectively than even the 
resteeping processes allow at present and 
moreover by the static system described 
above. 
TABLE I 
Comparison of surface area and volume 
of building required by different malting 
systems 
Surface area Volume ot 
required building 
System (sq. metres) (cu. metres 
Saladin 4,400 60,000 
Floor 	... 	 ... ... 	 7,000 90,000 
Saturne 4,000 40,000 
Wanderhaufen ... 	 4,000 40,000 
Frauenheim ... 	 2,380 47,000 
Domalt 2.500 40,000 
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1054. Synthesis of Various Peptides containing L-Arginine, 
L-Alanifle, and D-Alanine. 
By G. HARRIS and I. C. MACWILLIAM. 
PEPTIDES containing arginine were required for testing as nutrients for arginine-deficient 
mutants of Saccharomyces cerevisiae. Such peptides, particularly tetrapeptides, were also 
desired for assimilation experiments with. a. wider range of yeasts. L-Arginyl-L-alanyl-L-
arginyl-L-alanirle and its dipeptide precursor were already available.' The present Note 
describes the preparation of the corresponding peptides containing D-alanine in place of 
L-alanine residues, and of those having L-alanyl-L-argiflifle in place of the L-argiflyl-L-
alanine units. The results of the assimilation tests are described elsewhere. 2 
Experimental.—(a) NeNitroLarginine (20 g.) was treated' with benzyl alcohol (50 ml.) 
and polyphosphoric acid (50 g.). NENit roLarginine benzyl ester crystallised as needles (70%) 
from methanol-ether and had m. p. 171-173°, [']D'°  +15°  in MeOH (Found: C, 532; H, 65; 
Cl, 104; N, 20•4. C,H,,ClN,O, requires C, 533; H, 64; Cl, 104; N, 20.5%). 
N-Benzyloxyèarbonyi-L-alanine [10 g.;  m. p.  81-82° (lit., 4 84°)] in tetrahydropyran 
(30 ml.) was shaken with Ne nitroLarginine benzyl ester (16 g.) in the same solvent after 
addition of dicyclohexylcarbodi-imide (5 g.). N-Benzyloxycarbonyl-L-alanyl-N 6-flitrO-L-argiflifle 
benzyl ester was isolated 1  and crystallised (22 g., 85%) from aqueous ethanol as plates, m. p. 
150-151°, []" —133° in MeOH (Found: C, 558; H, 60; N, 164. C 24H,0N607  requires 
C, 560; H, 58; N, 16.3%). 
The benzyl ester above (5 g.) was saponified as described earlier.' N-Benzyloxycarbonyl-
L-alanyl-N°-nitro-L-arginine (3.7 g., 85%) crystallised from aqueous ethanol and had m. p. 
172-173°, []D"  —10° in MeOH (lit.,' 
M. p. 171-172°, []D" —94° in MeOH) (Found: N, 
199. Calc. for C, 7H24N607 : N, 20.1%). 
The preceding derivative (2 g.) was hydrogenated.' Evaporation of the solvent yielded 
L-alanyl-L-arginine which, recrystallised from aqueous ethanol, had m. p.  165-166° , [c]D" + 9
1 
 
in H2O (0.9 g., 75%) (Found: N, 228. Calc. for C,1H22N5 05: N, 22.9%). Hofmann et at.' 
found m. p.  166-168°, [']D"  +&7° in H2O. 
benzyl ester (5 g.) in carbon tetra- 
chloride (100 ml.) was treated with dry hydrogen chloride." L-A lanylNEnitroLarginine 
benzyl ester (3.1 g., 77%) was produced and recrystallised from methanol-ether as needles, m. p. 
141 ° , [a]D" — 11° in MeOH (Found: C, 464; H, 57; N, 200. C, 6H,,C1N,O, requires C, 462; 
H, 5•8; N, 20.2%). 
(2.2 g.) was condensed with the 
preceding ester (2.0 g.) as described earlier.' 
benzyl ester separated from aqueous ethanol as plates (3.0 g., 73%), 
m. p.  196-1970 , [a]" _7.3°  in MeOH (Found: C, 506; H, 56; N, 210. C33H46N,20 3.1 
requires C, 504; H, 59; N, 21.4%). 
The last-mentioned product (2 g.) was hydrogenated' and yielded L,alatlyl-L-argiflyl-L- 
alanyl-L-argiflifle. This crystallised as the diacetate from aqueous ethanol in the form of 
plates (0.9 g., 55%), m. p 246° (decomp.), [a]"  +82° in H2O (Found: C, 449; H, 74; N, 
239. C,,H,,N,,O,,2CH,'CO,H requires C, 446; H, 75; N, 237%). 
The compounds listed in the Table were prepared by methods analogous to those described 1 
for the L-arginyl-L-alanyl analogues. 
Properties and analyses of D-alanine derivatives. 
Starting material Yield 
No. 	 Peptide 	 (g.) (g.) 
1 D-Alanine benzyl ester 	 5 9.7 
2 NRBenzyloxycarbonylNEnitro-L-arginyl-D-a1anine benzyl ester 	arg, 11, + ester, 9 12.1 
3 N-BenzyloxycarbonylNe-nitro-L-arginyl-D-alanine 	 4 2'8 
4 L-Arginyl-D-alanrne 	 2 10 
5 NE-Nitro-LarginylDalanine benzyl ester 	 2 1-4 
6 NR-Benzy1oxycarbonyl-Nenitro-L-arginyl-D-alanyl 
Ne-nitroLarginylDalanine benzyl ester 	 10+ ester, 12 13 
7 L-Arginyl-D-alanyl-L-arginyl-D-alanine 	 1.0 05 
Found (%) 	 Required (%) 
No. Form 	M. P. 	[R] 	C 	H 	N Formula. 	C H 	N 
1 Needles* 139° []22 +13° 	55•6 	67 	65 	C10H14C1N204 55'8 6'5 	65 
in H20 
2 Plates 	143-144 	[R]D20  —3° 	561 	60 	162 	C241130N607 	 56'0 5'8 	163 
in MeOH 
3 Needles 	184-185 	[R]D23 +4° 	47•9 	5'8 	200 	C17H24N607 	 481 57 	198 
in pyridine 
4 ,, 	151-152 	[]D22  +160 	43'0 	78 	227 	C11H22N506 	 43'3 7'6 	22•9 
in 1120 
5 ,, 	156-157 	[R]1)23 —3° 	460 	55 	204 	C16H25C1N605 	 462 58 	202 
in MeOH 
6 Plates 	197 	[a]D 22 +44° 	506 	60 	217 	C33H46N120 11 	 504 5'9 	214 
in MeOH 
7 Amorphous 	- 	[]D22  +15° 	448 	7'3 	239 	C18H36N1005 ,2CH3 CO2H 	45'1 75 	241 
in H20 
Hydrochloride. 
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Relative Activity of Gibberellins and their 
Derivatives on Barley 
GrBBERELLIC acid (gibberellin A 3') (I) is used extensively 
in the malting industry to accelerate the germination of 
barley (see Briggs' for review), but there seems to be no 
mention of the use of other gibberellins in this connexion. 
This communication reports the comparative behaviour of 
gibberellins A, A 3 , 4 4, A 5 , A 7 , 4 4 and A 9 and of gibberel-
lenic acid (II), allogibberic acid (III), gibberic acid (IV) and 
epiallogibberic acid (V), which are derivatives of 4 3 , on 
barley. The derivatives do not always, show biological 
activity on plant tissues (see below). We find that 
gibberellenic acid (II) and allogibberic acid (III) stimulate 
the germination of barley as do all the gibberellins named 
above, whereas gibberic acid (IV) and epiallogibberic 
acid (V) do not. The germination tests 2 were carried out 
using 100 corns of dormant barley in a 9-cm Petri dish 
containing solutions (4 ml.) of the compounds named above 
(0.5 p.p.m.) and activity was based on the number of 
corns exhibiting visible signs of germination in 72 h. 
From the results of these tests the order of activity was 
found to be A 1 > A > A 4 > 4 3 > A 8 > gibberellenic acid 
> 4 5 > allogibberic acid > A 9 > gibberic acid and epial-
logibberic acid (inactive). No simple relationship was 
apparent between dose and response, but the order of 
activity was unchanged at higher (2 pp in.) and at lower 
(0.1 p.p.m.) dose rates than that stated above. The order 
of activity' differs from that found by Brian, Hemming 
and Lowe3  for lettuce seedlings and it now appears 
probable the seeds of different species respond differently 
to the various gibborellins. 
In the germination tests, accelerated germination 
involves stimulation of the embry0 4 . Recent work' ,' , how-
ever, has shown that in barley the principal site of stimu-
lation by gibberellin 4 3  is the aleurone layer which thus 
yieldscc-amylase and other enzymes 7 even in the absence 
of the embryo. Accordingly the test compounds (0.5 
p.p.m.) in water (2 ml.) were added to tubes containing 
dehusked barley grains 7  which had been cut in half and 
the embryo portion discarded. The tubes and contents 
were incubated at 25° C under sterile conditions. After 
40 h the a-amylase found in the grains was determined by 
beating them to 65° C for 30 min and then estimating" the 
reducing sgars formed. By this method amylases both in 
the supernatant fluid and in the grain are estimated 
together through their action on indigenous starch. 
Results revealed that all six gibbereflins behaved in a 
similar manner 'to gibberellin 4 3 in stimulating de-em-
bryonated barley to release c.amylase. Gibberellenic 
acid (II) and allogibberic acid (III) also promoted 
x-amylase synthesis, but gibberic acid (IV) and epiallo-
gibberic. acid were inactive. The order of activity relative 
to gibberellin A 3 was as follows: 
A 1 = A s 	gibber- 	áIlo- 	 gibberic 
> ellenic > A s = gibberic > A, > A, > and epial- 
A, = A, 	acid 	 acid 	 logibberic 
acids 
Relative 
activity 100 	 75 	 40 	-30 	20 0 inactive 
This order differs from that found for the stimulation of 
germination in the intact seed. The results of both series 
amplify the findings of various investigations using dwarf 
beans and other materials'- 12 that plants of different 
species show widely different responses to the individual 
gibberellins. The results recorded here show that the 
responses are further differentiated in the case of barley 
with respect to different parts of the grain. 
The observation of activity induced by gibberellenic 
acid (II) and allogibberic acid (HI) and of the failure of 
gibberic acid (IV) and epiallogibberic acid (V) to effect 
any stimulation prompts reconsideration of the molecular - 
requirements for activity. Inspection of Figs. I-V fails 
to reveal a particular minimum requirement. 
There has been uncertainty in the past as to whether 
compounds II and III possess general activity towards 
plants. Thus Brian et at." found that pure gibberellenic 
acid had no activity in the dwarf bean test. Murfet and 
Barber", however, reported that allogibberic acid had no 
action on stem elongation in dwarf peas but delayed 
flowering. Gibberellenic acid had weak activity in these 
tests; but this was attributed to traces of gibberellin. In 
the present work, both gibberellenic acid and allogibberic 
acid, after examination by thin-layer chromatography", 
were not visibly contaminated by any gibberellin. It is 
unlikely, though not impossible, that other highly active 
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BARLEY STEEPING—A REVIEW 
By T. Reynolds, I. C. MacWilliam and C. M. Griffiths 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Introduction 
MODIFICATION of barley is satisfactory only if the moisture content of the germinating grain is brought to 42 - 45 %47. 
Traditionally this was achieved by steeping over 2 - 3 days using 
two or three changes of steep liquor. The small amount of 
dissolved oxygen probably sustained slow respiration and 
prevented damage to the germinative power of the embryo. 
More recently, however, deliberate aeration during steeping, 
processes involving air-resting, including flush-steeping in which 
the grain is repeatedly and alternately soaked and exposed to 
air and continuous processes making for aeration, have attracted 
attention. Despite differences of opinion regarding, for instance, 
a tendency in flush-steeping when inadequately controlled to 
lead to rather high temperature and excessive rootlet growth 
during germination with attendant high malting loss, there is 
little doubt that such methods bring about more rapid malting. 
They stem largely from research on the steeping and germinating 
processes which it is the purpose of this account to review. 
Corn Factors and Water Uptake 
Moisture content 
J 'HOUGH seemingly simple, the uptake of water by barley is influenced by various factors. For prolonged storage, 
malting barley is usually brought to a moisture content of 
12 - 14%. If wetter it becomes more subject to mould attack 
and its germinative capacity may fall. If much drier, e.g., at less 
than 5% moisture, it may recover from dormancy more quickly 
than normally but the relatively small gains scarcely justify the 
means. There has therefore been little practical need to see 
whether initial moisture content of the grain influences water 
uptake, and such reports as exist on this point are somewhat 
contradictory. Sometimes the rate of absorption and total 
uptake were greater with drier grain 2 whereas on other occasions 
the reverse was true. Old dry grains, however, absorb water 
more slowly than fresh moist ones and since in other seeds the 
rate of water uptake is inversely proportional to the water 
earlier absorbed, the moisture content of barley at harvesting is 
perhaps more important in this respect than that immediately 
before steeping. 
Corn size 
Large corns absorb water more rapidly than small ones 
during the early part of steeping 59 , though after 24-hrs., the 
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relative increase is similar. Nevertheless on prolonged steeping 
(88-his.) small corns contain relatively more water than large 
ones59 . Thus in one survey corns less than 2.5-mm. diameter 
reached a moisture content suitable for malting earlier than 
larger ones over 2.5-mm. which did not vary appreciably from 
one another. Both on the European Continent and in Great 
Britain, corns smaller than 2.2-mm. diameter are usually screened 
out and rejected though it is usual on the Continent to refer only 
to corns larger than 2.5-mm. diameter as "plump" and suitable 
for malting. Even where there are no corns less than 2.2-mm. 
diameter, it might be advantageous to screen out all those under 
2.5-mm. and steep them separately, so as to avoid oversteeping 
and secure more even germination. 
Nitrogen content 
The duration of steeping is directly related to the nitrogen 
content 51 . This is in the sense that barleys having lower nitrogen 
contents absorb water faster than those of higher nitrogen 
value14, 46 •  It is of some interest that in wheat the rate of water 
uptake is independent of the nitrogen content. 
Dormancy 
It was earlier thought that dormancy was due to failure of 
water to pass through the outer layers of the barley. These 
conclusions were however based on the ability of barley dried 
at elevated temperatures to absorb water readily, an ability 
which is manifest irrespective of dormancy. Indeed dormant 
grain frequently absorbs as much water as normal barley and 
moreover in seasons when dormancy is prevalent water absorp-
tion is commonly more rapid than when dormancy is less severe. 
In any case the point is obviously academic since truly dormant 
barley is unsuitable for malting, but the related condition of 
water-sensitivity is more relevant 40 . 
Water-sensitivity 
Barley in this condition will germinate if the moisture- 
content is raised to 31 - 35% and then exposed to air, but does 
so only poorly if the water-content is brought directly to the 
normal level of 42 - 45%. If it is to be malted, therefore, the 
necessary additional 10% of water can only be given after 
18 - 24-hrs. exposure to air when chitting will have taken place 27 i 
It has been suggested that particular polyglucosafls 34  present in 
the pericarp of water-sensitive barley render it impermeable to 
oxygen and that the enzymic oxidation of indole acetic acid is 
delayed 25 . it may be that such barleys absorb water more 
readily than normal ones, in which case the imbalance between 
water and oxygen would be even more marked. 
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Water Uptake and Matting Quality 
OF attempts to relate these properties the most recent by Hartong and Kretschmer 22 compares extracts obtained at 
25°, 450,  65°, and 80°C., using samples of malt from barley 
steeped empirically for 72-hrs. Over the period 1954- 1959 it 
appeared that, at least under the selected matting conditions 
employed, samples which absorbed water faster gave better 
malts than the less absorbent grain. The same conclusion 
emerged from a quite different approach 7 in which the water 
absorption was judged somewhat subjectively from the trans-
lucence of corns cut after steeping. Furthermore the conclusion 
was borne out by a similar survey in Hungary 17 , 18 . Nevertheless 
it must be remembered that such correlations are concerned with 
water-uptake and "modifiability", both under necessarily 
arbitrary conditions. The more profitable task of closely re-
lating malting conditions to water-uptake still awaits fulfilment. 
U 
all 
0 	 10 	 20 	 30 - 
Steeping Time Hoar, 
Fig. I. Water Uptake Oaring Steeping at I) C (55 F). 
Physiological Aspects of Water Uptake 
\\1ATER absorption by barley at 12-15°C. when soaked continuously goes through three phases (Fig.1) 3 
(1) a period of 6 - 10-hrs. of rapid uptake when 60% of the 
full amount is absorbed; 
a period ("the Baker-Dick break -2) of 10-20-hrs., when 
uptake is low or perhaps ceases completely; and 
about 20-hrs. of rather more rapid uptake reaching a 
plateau of "steep-ripeness" beyond which over-steeping occurs. 
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In other seeds the rate of uptake during this phase is very much 
dependent on oxygen supply being suppressed in an atmosphere 





ye riot p 
-- testa 
on of ventral furrow (a) 
of attachment to ear 
Fig. 2. Longtisodinul Section of Barley 
Groin (DiogrotetotlO), 
Phase (ii) is often indistinct and its reality as an entity is 
sometimes doubted13, 16.  In (i), the seed colloids re-imbibe 
water previously lost during. ripening. This process is the same 
for living and dead material and is a purely physical effect. 
The water first penetrates the outer layers, the pericarp and the 
testa, which form a semi-permeable membrane 5 rather slowly 
(Fig. 2) 3 . The testa, however, restricts entry of water only during 
the first few hours, and there is evidence from the movements 
of acids, salts and dyes that gaps exist in both pericarp and 
testa through which ingress is facilitated. Thus the pericarp has 
an outer layer of cork or cuticle which is heavier in some varieties 
than others and which is lacking round the embryo, near where 
the grain was detached from the stalk, and defective at the upper 
tip of the grain 29. The testa which consists of inner and outer 
cork cuticle layers separated by cellulosic material acquires a 
looser structure (a) along the ventral furrow and (b) at the 
micropyle region at the outermost tip of the rootlet sheath 8 . 
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It has been thought that the major part of the absorbed water 
gains entry through this latter region, though others believe the 
ventral furrow to be more important. 
Looking more closely into the grain, the germ-half absorbs 
water preferentially as a result of uptake by the embryo itself. 
The greater absorption is probably not merely the result of the 
proximity of the embryo to the micropyle region but also of a 
different character of uptake following cell enlargement. 
Phase (ii) is thought to be associated with the accumulation 
of nutrients, for example, resulting from hydrolysis of starch 37, 53. 
In phase (iii) water passes in steadily at a rate correlated with 
metabolic activity 13 . This stage is associated with the visible 
onset of germination though it is said that for the first 46-hrs. 
after wetting all growth is due to cell enlargement'°. Stage (iii) 
only ensues in an adequate oxygen supply as distinct from phase 
(i) in which all the oxygen from the steep liquor is taken up 
within 1-hr. of wetting though. water-uptake continues for 
some hours. 
Metabolic Changes during Steeping 28, 55 
Respiration9' 24, 35 
THE low level of respiration in the resting corn quickly rises on wetting the grain, the activity being shared between 
embryo and aleurone layer". Sometimes carbon dioxide is 
released within a few minutes of wetting, though it remains 
uncertain whether it is the result of immediate enzyme action 
or merely the physical release of the accumulated product of 
slow respiration of the unmoistened grain. In the absence of 
further oxygen the grain respires anaerobically to produce carbon 
dioxide and ethanol which are thought to inhibit germination 26 . 
Perhaps, however, such effects are secondary since, so long as 
the grain is taking up water, the uptake remains the most im-
portant stage to be completed. lithe steep liquor is aerated, 
oxygen is consumed and carbon dioxide is produced at an 
increased rate not directly related to oxygen tension. 
Carbohydrates 
The conversion of starch to sucrose during steeping and the 
formation of glucose and fructose have been observed. De-
creases in fructose and sucrose, in fructose and glucose 20 , in 
sucrose, raffinose, glucodifructose and relatively simple fructosans 
as well as increases in maltose and maltotriose 33  have also been 
reported. There is therefore much uncertainty about this part 
of the picture which is perhaps associated with differences in 
variety and almost inevitable differences in detail in steeping 
1964 	 556 	 NOVEMBER 
BREWERS' GUILD JOURNAL 
ocedure. Over-all however, the starch content decreases 
ghtly, the small amount appearing in the embryonic root and 
toot being exceeded by breakdown in the endosperm cells 
Ijacent to the scutellum. 
Variations in the activity of the carbohydrate-metabolising 
izymes occur during steeping 21 . Diastases and, incidentally, 
oteases increase with moisture content, the former continuously 
'ter 48-hrs. Over-steeping weakens the enzymic properties of 
te grain but that is proba,bly because of deficiency of respiration 
Lther than excess of water. 
ariations in Conditions 
uratiofl of steeping 35 
HEN due account is taken of corn factors as mentioned 
above, understeeping may lead to abnormal root growth 23 
id suboptimal modification which can however be corrected 
y sprinkling during the first day of germination. In any case 
ill germination only takes place at a moisture content of 30 - 
5% with an optimum at about 37 - 38 %50 .  Over-steeping 
ithout aeration is more serious since it can cause extensive 
amage to the germinative capacity and thus irregular growth. 
has to be remembered that once germination sets in, the grain 
spires more quickly. 
enperature 
This is probably the most important factor governing water-
ptake. Within reasonable limits, "steeping time in hrs. = 
10—temp. of steep in °F.", is a practical guide 3 t. Thus in 
tany maltings using well water at about 52°F., times of 55-hrs. 
pwards are usual. The total amount of water absorbed in-
reases with temperature though the pattern of uptake is similar 2 . 
part from a transient retarding effect on germination, corn-
aratively warm steeping has been thought to have little bearing 
n final growth, but opinions are somewhat contradictory re-
arding the use of deliberately warmed steep liquor (at, say, 
iore than 100 °F.) as distinct from the smaller fluctuations 
rcountered naturally. Thus it has been claimed that both 
eeping and subsequent germination periods were shortened 
nd "difficult" barleys made more easy to malt, whilst it has also 
een suggested that a final cool aerating steep is important, as 
the distribution of water within the grain. Others, however, 
ave found either no advantage or actual disadvantage, in 
sduced growth, diastatic power and extract. Several more 
scent investigations have nevertheless revived the idea of 
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advantage, for instance, in reducing malting time by one day - 
though the strong impression remains that any such advantage 
results from a rather delicate balance of opposing effects. 
There is however a more deep-seated effect of warm water 
steeping that is engaging attention, in that some parts of the 
grain are retarded whereas others retain activity. Thus nearly 
60 years ago it was recognised36 that by heating barley to 131 °F. 
for 20-minutes, no roots were formed later, malting loss was 
reduced and extract increased. This selective if partial inactiva-
tion of the embryo reappears in modern systems of making 
using either warm water or freezing at 20 0C. 1 , 51a whilst the 
aleurone layer can still be stimulated by added gibbereltic acid. 
It may be that warm water steeping in one form or another will 
therefore come into extended use, especially as it overcomes 
dormancy. 
Aeration 	 - 
Leaving out of account aeration immediately after steeping 
is begun (which is largely of benefit as a cleansing operation), 
availability of air is the most important during the third phase of 
steeping, in that its lack leads to germination damage and uneven 
growth. Sometimes, however, barleys prove "sensitive to air" 
in failing to germinate properly after aeration in the steep 49 . 
However there is still, even in the absence of "air sensitivity", 
no agreement as to whether aeration increases the rate of water 
uptake 3 ' or hastens germination 4 3. Perhaps the best compromise 
view is that it is useful with sluggish barleys, but may lead to 
premature chitting and ill-effects on matting loss and hot water 
extracts with normal grain30. 
It has been suggested that the concentration of carbon dioxide 
in the steep liquor provides a means of controlling "bolting -6 
due to aeration, but it now seems that such means are unnecessary 
when air-resting with the associated procedures of multiple, 
flush and spray steeping are used. 
Broken steeping3 9 
Air-resting with its partial simulation of conditions in the 
soil has long been used empirically. With increasing recognition 
of the essential steps in steeping and germination however, the 
possible combinations of steeping and air-resting become almost 
innumerable, and it is scarcely surprising that many apparently 
contradictory results have been obtained. Thus a favourable 
outlook for flush steeping 57  was offset by an unfavourable 
one 15  and one must conclude that unless equipment is used 
to provide cold air and to circulate the grain, the advantages 
can be outweighed. Moreover, for a long time water-sensitivity 
was not recognised, and it is likely that the early good results 
1964 	 558 	 NOVEMBER 
BREWERS' GUILD JOURNAL 
may have emerged chiefly because the barleys concerned happened 
to be water-sensitive. Latterly however following the original 
work of Pollock and Kirsop 42, various combinations of steeping 
and air-resting have been used to overcome water-sensitivity30, 32 , 
mostly having favourable results with respect to making loss 
and malting time. 
Flush steeping generally accelerates germination and, in 
addition, can bring the grain into a condition suitable for flooring 
or casting into the box within a fraction of the normal steeping 
time. Thus Schuster 48 describes a flush schedule totalling 
28-hrs., and others stress the need to apportion the air-rests and 
steeping periods properly to ensure good malts. In this sense 
multiple steeping in which the periods of exposure to air and 
water, as well as the temperature of the latter, may be varied 
within wide limits, represent a rationally planned form of flush 
steeping. 
More than 60 years ago it was proposed to substitute steeping 
altogether by sprinkling 56, but until the grain is reasonably 
moist the sprinkled water tends to run through in channels, and 
a short 6 - 12-hrs. steep before spraying commences is usually 
advantageous 31 . This is broadly the procedure adopted in 
continuous or semi-continuous processes where a short initial 
steep is followed by spraying on belts or trays 52, 54 • 
In all these processes the guiding principle now emerges that 
the short initial steep should bring the moisture content to 
30 - 35%. Too short a period may prevent embryo development, 
whilst too long a period is likely to lower the germination of 
water-sensitive barleys. There is then a wide choice as to how 
and when the moisture content should be brought up to 43 - 45%. 
Additives in steep liquor 
These fall mostly into two groups, (i) salts, oxidising agents 
and antiseptics and (ii) plant regulators - including gibberellic 
acid. 
(i) Some of these substances probably leach out material 
from the husk and thus increase water uptake. This applies 
especially to resinous components and tannins, where alkalis 
(pH 8 - 10) such as lime (which in addition continuously re-
moves carbon dioxide), or even I % caustic soda are preferable 
to acid or neutral salts 12 .  
Modern methods of harvesting ensure that barley is less 
badly infected than in the past, and thus the use of antiseptics 
is not now widespread. 
Certain recognised oxidising agents when added to the steep 
liquor have a marked ability to stimulate germination. Of 
these, hydrogen peroxide at concentrations of 0.5 - 1.0% is 
most effective although its cost is probably too high at present 
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to allow its economical use. Permanganate, peracetic acid and 
sulphur doxide have also been used but they are less effective. 
.Many compounds including nitrites, nitrates, nitrous acid, 
mercaptans, phenols and others 41 have also been dissolved in 
steep liquor and their action on germination examined, but most 
have only a marginal effect. Dilute solutions of salts have an 
increased oxygen tension over that of water, and this increase 
may be sufficient to improve germination slightly. 
(ii) - Plant regulators - The work of Yomo 58 and of 
Paleg 38 has shown that the plant hormone, gibberellic acid, 
stimulated the aleurone layer to release the enzymes which 
modify the endosperm. The type of stimulation exerted by 
gibberellic acid was obviously different from that produced by 
the compounds discussed in the previous section, since the 
concentrations necessary to produce it. were very much lower 
(less than 1 p.p.m.) than for the others (over 100 p.p.m.). For 
this reason its use presented no problems of toxicity, nor did 
it affect water uptake or the pH of the steep liquor. Much 
attention has been paid to the application of gibberellic acid 
in malting4. Most workers have concluded that it yields its 
greatest effect when sprayed on the grain soon after removal 
from the steep. It is more convenient for maltsters to add it 
in this manner, but comparisons made of malting trials in which 
the stimulant was dissolved in the steep, or sprayed on after 
steeping, do not show clearly whether addition is better made 
one way or the other, and this problem remains to be settled. 
Gibberellic acid (gibberellin A 3) is one of a series of gibber-
elms (A,—A9), several others of which (A 1 , A 4 and A 7) have 
similar stimulatory activity on barley 19 . Other plant regulators 
such as kinetin and indole acetic acid are less effective than the 
gibberellins in this connection 44 . 
Conclusion 
THE most important point to note is that the grain is not passive during steeping. Much remains to be done in 
studying its activity during exposure to water or air and the 
interplay of physical variables, types of barley and the use of 
additives. One urgent need is suitable pilot-scale equipment 
representing the scaling-up of laboratory apparatus to pro-
duction units not only for steeping but for subsequent phases of 
malting and brewing. 
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rises to about 27 per cent at the top of the 
incline. 
The grain then passes to the first or wet 
germination unit, and for 15 hours it is 
sprayed with water at about 65°F., as it 
passes along 33 ft. of the moving apron 
providing the continuous flow. The moisture 
content has then risen to 35 per cent and 
the grain is turned by the first turner, after 
which no further spraying is used for a 
period of 12 hours and during passage of 
27 ft. along the apron. 
During this period between the first and 
second turners, germination commences and 
the grain is then ready to receive further 
spraying just before entering the second 
turner which brings the moisture content 
to about 40 per cent. For the next 23 
hours, the grain is sprayed, before entering 
the third and fourth turners and finally 
reaches a moisture content of 48 per cent. 
It then progresses to the second or dry 
germination unit where it is turned four 
times in the next 56 hours It then travels 
a further 32 ft. before entering the kilning 
section which is 75 ft. long and in which 
it spends about 30 hours, rising in tempera-
ture from 125°-175°F. Thus, in the 
Domalt system all three phases are integrat-
ed although part of the steeping phase and 
the kilning are carried out in separate com-
partments. 
This is the only one of the three commer -
cial systems referred to in Table I which 
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is built in Britain and on which some idea 
of cost can be given. At Haddington it 
Scotland a unit capable of producing aboult 
40,000 qtr. malt per annum was built ove 
a year ago at a cost of approximately 
£250000. Although this value is higher 
than that required to install Saladin boxe 
or drums with an equal annual capacity, 
labour costs of running the Domalt system 
are much lower. 
Tunnel System 
The Tunnel continuous system is of 
Czechoslovakian origin and its arrange-
ment is rather like the Domalt process in 
many of its basic features. A small plant 
was built at Branik in Prague and prove(,, 
sufficiently satisfactory with a result that 
a larger installation capable of handling 
7,500 tons or about 37,000 qtr. a year was 
built in the Cambrinus brewery in Pilsen. 
(See Fig. 2.) 
In this larger installation in Pilsen steep 
ing and germination are carried out on 3 
moving bands of total length, almost 1,000 
ft. (300 metres) and of breadth 20 ft. (6' 
TABLE I 
New Matting Systems 
Awaiting furthrr 
In production 	 development 
Domalt continuous process 	Geys continuous vertical 
system 
Tunnel continuous process 	Vilain spraying system 
Gruff rotary matting drum Multiple Steeping Process 
a 	a 
MOVING T 
GERM I NA 
four 
petres), travelling at a speed of about 1.5 
i1n. (4 cm.)/ninute. 
The six floor plant is housed in a build-
jng 180 ft. (55 metres) long and 36+ ft. 
.10 metres) wide like a tunnel, hence the 
ame applied to the system. In the top 
oor barley is fed from a hopper and after 
very short steep which also functions to 
lean the grain, it is passed to a series of 
even trays on which it is sprayed through-
Ut a 40-hour period. 
Germination is carried out on 28 trays 
n a unit fitted with suitable aeration equip-
ent and takes 3-4 days being, presum-
bly, for Pilsener malt. The modified grain 
s led to a continuously operating kiln with 
ully automatic controls. Full use is made 
n the drying process of the waste heat 
rom the germinating sector. It is to be 
oted in this process that actual steeping 
i of very short duration and most of the 
oisture is provided by spraying. 
raff Rotary Malting Drum 
In the third system in production the 
craff rotary malting drum (U.S. Patent 
2,947,669) all three phases of malting can 
be carried out in one unit which consists 
f two horizontal, concentric, cylindrical 
shells of perforated metal placed one inside 
the other .  The outer shell is 16 ft. (4.9 
metres) in diameter and 42 ft. (12.8 metres)  
long. The weight of dry barley recom-
mended per batch for Proctor and other 
European two-row varieties is about 75 
tons or 370 qtr. The inner cylinder serves 
as an air-inlet and the large fan supplying 
air for both germination and drying is 
arranged to discharge directly into this 
centre cylinder, thus eliminating ducts and 
air passages. Arrangements are also made 
for recirculating the air, thus retaining the 
heat liberated by the germinating grain and 
effecting fuel saving (See Fig. 3.) 
In the steeping phase the grain is sprayed 
with water from the sprays in the centre 
shell and for the first 2-4 hours the steep 
liquor is allowed to go to waste. After 
this period it can be collected in the sump 
tank and resprayed on to the grain, this 
being done only after the corns have begun 
to germinate. The plant has suitable fittings 
for heating or chilling the steep liquor, for 
loading in barley and the drum is self-
emptying, there being no need for a work-
man to enter the drum to complete the 
removal of grain. Spray lines along the 
top of the outer drum ensure that dust is 
kept to a minimum when filling with barley 
immediately after kilning One of these 
units has been built in Chicago for the 
Columbia Malting Company, and others are 
under construction on the continent but 
I have no information on their cost. Oh- 
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viously labour Costs on the system are low 
since automatic working Can be used on 
almost all the operations and full advantage 
is made of air recirculation to effect fuel 
saving. 
Geys System 
The Geys system (Canadian Patent 
695,383, B.P.. 983,713/1962) has been pub-
lished only recently and little is known as 
to how far it exists in pilot scale or in 
production. It involves a stream of barley 
flowing continuously through a vertical 
column with the characteristic features that 
discharge from one section of the column 
to another. This is carried out by devices 
which extend transversely through the 
column in the form of a single layer of 
bars placed adjacent to one another in 
sieve fashion. Adjacent bars move hori-
zontally in opposite directions, the spacing 
between the bars being such that the barley 
passes through when the bars move, but 
does not do so to any extent when they 
are stationary. 
In the Geys system the grain is given 
two steeps each of three hours in tan 
placed one above the other. It then pass 
to the next unit through which it trickl s 
slowly whilst air passes through the  pcN-
forated walls No spraying is given i 
this period of 18 hours, but a three-hoL4r 
period of this treatment with ozoniseU 
water follows. A further air rest perio 
of 21 hours is then given, followed by 
second spraying with ozonised water for 
three hours bringing the moisture content  
to 40 per cent. The grain then passes to  
the germination unit and finally to a kil 
moving at th rate of about 6-10 cm. per  
hour. No details were obtained about the  
size of production possible in this syste 
(See Fig. 4.) 
Vilain System 	 I In the fifth system, information has again 
been obtained from a recently publishe'd 
Canadian patent (No. 691,730 of August 
4th, 1964) awarded to H. Vilain, but is 
with the previously described system, it 
cannot be judged how far developed this 
method is at present. The Vilain system 
consists of a bin with concrete sides and 
a perforated base through which air is 
blown. A triangular shaped bucket-chaib 
arrangement is inverted on an overhead 
travelling bridge so that the top run of the 
bucket-chain is horizontal The chain is 
isolated with respect to the buckets so that 
the grain cannot come into contact witht 
and thus be crushed. The grain is steep 
elsewhere for a short period to clean it 
and then passed to the bin. The additioni 
requirements for moisture are then provided 
by hoisting the grain by bucket and spraying 
it during the horizontal passage along the 
hoist. The latter moves along the travel-
ling platform and this traverses the length 
of the line. (Fig. 5.) 
Multiple Steeping Process 
In the sixth scheme, the multiple steepin 
process, barley is housed in a cylinde 
capable of holding a 56-lb. charge. Facili 
tics for producing humidified air, hot water, 
chilled water and for temperature regulatior4 
of the vessel are provided. No turning i 
given for reasons explained later. Th 
schedule used in producing malt in thi 
unit is given in Table TI. Barley is steepe4 
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oisture content to between 30 and 35 
per cent, after which the steep liquor is 
rained and humid air is blown through the 
rain for 20-22 hours until it just shows 
signs of germination commencing. A second 
teep is then given, only —1 hour being 
equired for the grain to reach a moisture 
content of 44-45 per cent. Growth pro-
deeds rapidly and after a further period of 
2 hours a vigorous development of roots 
is found. At this period the grain is again 
teeped, this time in water heated to 105°F. 
40°C.). This temperature kills the roots 
fter a 1*—lf-hour treatment, but allows 
odification to continue, and after a period 
1 40-70 hours at 65°F., the malt is ready 
or kilning. In the third steep the moisture 
ontent rises to 48 per cent but immediately 
fter draining dry air is blown through 
o reduce the moisture content to 54-44 
TABLE 11 
Multiple Steeping Process 
Moisture Content 
Time Temperature at end of 
Hrs. deg. C. deg. F. operation 
tcep 1 6 18 65 30-35 
Air 	rest 22 18 65 30-35 
teep 2 0.5- 1 18 65 44-45 
Air rest 22 18 65 44-45 
Steep 3 1.25-1.5 40 105 47-48 
Drying 3 18 65 44-45 
Air 	rest 50-70 18 65 4445 
per cent. Failure to carry out this reduc-
tion in moisture level results in the pro-
duction of malts with a poor appearance. 
Since the roots are killed during the third 
steep and begin to shrivel up, a blast of 
air through the piece separates any rotted 
grain and once the roots die, there is no 
need for turning since aeration will carry 
any carbon dioxide which is all that is 
needed. (Fig. 6.) 
It is not difficult to envisage further 
development for the multiple steeping pro-
cess to continuous working; for example 
it could be used in Domalt or Tunnel 
systems or in the new equipment displayed 
at the recent Brewers' Exhibition by the 
Williams - Fairclough Company, but such 
development is still awaited. 
In all six systems, there is integration of 
the steeping and germination phases. There 
is a certain amount of conformity about 
the process involving increase in moisture. 
The Domalt, Tunnel, Geys, Vilain and 
Multiple steeping processes all give a short 
steep of up to six hours, and in several 
of them too, the grain is left to dry for a 
period without the addition of further 
moisture. At Lyttel Hall, the uptake of 
water during this earliest period of the 
malting process has been examined and 
fundamental reasons for the schedules 






















ELECTRICAL HEATERS - 
ELECTRICAL CONTROL 
Fig. 6: Multiple Steeping Unit. 
In this work grain was steeped and at the main activity is found in the embryo1 
intervals samples taken and sectioned into The pattern of activity of some of 
component parts. The results (Table III) 	enzymes in the grain during this earll 
show that the embryonic axis and scutellum period has been followed. In this woi 1li 
absorb water preferentially and in six hours 	since the embryonic axis and scutellum ca 
their content is over 50 per cent, whilst that 	readily be detached as a unit from ti 
of the aleurone, tests and endosperm is corn, and since they take up water molt  
only about 25 per cent. This preferential quickly than the other parts, the activil 
uptake arises because the main entry of of this unit and of the remainder of tl 
water takes place through the micropyle corn which we describe as the endosperi 
region and nct evenly throughout the tests have been measured. Most of the activitit 
in this early stage. The aleurone has not behave in a similar manner and that cl 
become very moist in this early period but amylase shows a slight fall during the first 
two hours then rises considerably dunn 
the next four hours. If the grain is retaine 
T A ii i. E iii 	 in the steep the activity falls and does no 
Moisture Contents of Different Parts of the Barley 	rise unless the steep liquor is drained an 
Corn During Steeping 
Scuteiluni 
Embryonic Axis 




tne grain 	left exposed to the air. 	Whe 
% moisture after steeping at the 	grain 	is 	allowed 	access 	to 	oxyge 







57.9 activity 	rises 	and 	continues 	to 	do 	so 
















until 	after 4-6 hours steeping, since no 
rise in activity occurs before this period. 
eight 
Some activity probably exists in the part 
f the endosperm nearest to the scutellum, 
ice this part receives moisture more 
uickly than the remainder, the closest 
ortion containing 33 per cent moisture, 
'hilst the remainder has only 26 per cent. 
I 
is is probably enough activity close to 
ie scutellum to keep the embryo provided 
ith nutrients from the endosperm. The 
rain cannot be left at this moisture content 
iroughout the whole malting period other-
'ise modification as the maltster knows it, 
. softening of the endosperm, does not 
ccur. The rootlets are able to emerge 
'hen the overall moisture is only 30-35 
er cent and when this is the case the 
itry of water is very rapid requiring only 
hour if a steep as given in the multiple 
rocess, or is quickly absorbed in about 
x hours if it is sprayed. It is the addition 
this last 10 per cent or so of water which 
very time-consuming in the traditional 
¶ocess where the grain is left covered in 
ater. The pattern of uptake without air 
sts appears to consist of three phases. 
the first there is rapid uptake, which, 
I have pointed out is principally due 
uptake by the embryo. Then follows a 
nod when the  is very slow, or almost 
ases, and finally there is gradual absorp-
on with only 10-15 per cent of the 
oisture being added in 30 hours. It is 
is third phase which is very slow and 
tich the new methods avoid. 
In several of the processes, Domalt, Geys 
d Multiple Steeping, the grain is left dry 
ter it reaches 30-35 per cent, since even 
not water sensitive, if left wet during 
is period it will be stifled and germination 
ay not proceed. At this final moisture 
ntcnt of 44-45 per cent all parts of the 
)rn are sufficiently moist for modification 
proceed. In the Graff drum process the 
eep liquors are not sprayed onto the grain 
until after this dry rest period. After this, 
the grain can be steeped or sprayed under 
conditions to which it proved very sensitive 
12 hours earlier before root emergence. 
The newer processes have the advantage 
over traditional steeping in that less solids 
are dissolved in the steep liquors. In the 
traditional process, two steeps each of about 
24 hours were needed to bring the barley 
to a moisture content of 44 per cent, during 
which about 0.4-0.5 per cent of the grain 
was leached out in each steep. In the 
multiple process, in the first six hours steep 
about 0.3-0.4 per cent of solids are re-
moved whilst in the short second steep a 
very small amount of solid only is removed, 
about 0-1 per cent making 0.4-0.5 per 
cent in all. If, again, the first steep is 
sprayed back again as in the Graff process 
or as Mr. Northam described in his talk 
several weeks ago, effluents are cut to about 
10-20 per cent of that in the traditional 
process. Table IV compares the weights 
of solids removed from three different 
barley varieties. 
We have made an examination of the 
effects of spraying barley to provide all the 
required moisture without steeping being 
given at all, not even preliminary washing. 
This has been carried out mainly in small 
scale 75 g. lots in bottles. Under these 
conditions, the grain germinates in the 
normal manner and malts are obtained 
which have good analytical characteristics. 
At temperatures between 55-65°F. (13-
18°C.) the uptake of water by spraying 
is lower than that if the corns are fully 
immersed in a steep tank. The total time 
for processing by spraying, for the 1964 
barleys examined is about seven days which 
is similar to that found for the same 
barleys which require two days steeping 
and five days germination. Better extracts 
were obtained in the sprayed grain if the 
TABLE IV 
Solids removed from different barleys during steeping 
+ (For conditions see text) Conventional Process + Mutiple Steeping Process + 
Total solids (g) removed from 100 g. barley 
1st 2nd 	Total 1st 2nd Total 
steep steep steep steep 
Proctor 0.65 0.31 	0.96 0.35 0.15 0.50 
Pallas 0.67 0.33 1.00 0.34 0.15 0.49 
Cambrinus 0.51 0.38 	0.89 0.31 0.17 0.48 
nine 
moisture content was maintained at a level 
of 45 per cent than at that normally found 
best in the conventional use of 44 per cent. 
Since, however, 1 per cent of the solids are 
not removed from sprayed grain as they are 
in the steeped material, malting losses are 
generally less in the former than in the 
traditional process. 
The grain responds best to spraying if 
moisture is added either gradually or at four 
points, namely 0, 2, 5 and 8 hours over a 
period of eight hours to bring the moisture 
content to 30-35 per cent than to allow the 
grain to remain without the addition of 
further moisture until it just germinates after 
which the remaining amount can be added 
over a further period of eight hours to bring 
it up to 46 per cent. The air rest between 
the two periods of spraying appears to be 
necessary even for barleys which are not 
water-sensitive since if the corns remain 
moist for too long a period, germination 
of some is impaired. After the air rest, 
however, the grain can be sprayed to higher 
moisture contents of 46-48 per cent than 
is normal in the conventional process with-
out impairing modification. Retention of 
all the steep liquor constituents in the 
sprayed grain resulted in no slower modi-
fication than in the rapid process in which 
barley was steeped for six hours. Germina-
tion occurred equally rapidly in each case 
but development of diastatic activity and 
the formation of extract was slower in the 
sprayed grain even at moisture contents 
above 44 per cent. The reason for this 
is unknown at present. In none of the 
sprayed samples of any cf the varieties 
examined was germination inhibited by 
materials which are normally removed from 
the grain by steep liquors. Gibberellic acid 
effects increases in the hot water extracts, 
when sprayed at concentrations of 0.5 p.p.m. 
of barley. it should be mentioned that 
in our work with embryo and endosperms 
of barley, gibberellic acid was found to 
give about a 10 per cent increase in activity 
in the enzymes in the embryo as well as in 
the aleurone layer but the major effect is, 
as modern theory suggests, in the aleurone 
layer. It is because the aleurone layer is 
not moist enough in the early phase of 
steeping that applying the stimulant at this 
point fails to have any particular effect 
whereas, if added later, especially when the  
aleurone layer is becoming moister, it 
makes a greater effect. 
Gibberellic acid is not alone in producin 
this influence on the aleurone layer .  It is 
one of a series of compounds which have 
been isolated from various plants or from 
moulds, all of which have plant-regulating 
activity, although this varies very greatly 
from one type of plant tissue to another. 
These gibberellins A1 to A1 only differ 
slightly in the substituents attached to the 
same ring structure, but the small differ-
ences make significant alterations to the 
activity on barley. Of the nine gibberellins, 
all except A9 and Ar  which were not 
available to us were examined and it wa 
found that A 1 , A4 and A behave very 
similarly towards barley giving increased 
diastatic powers and extracts as A 3 , gib 
berellic acid, does. Any of these threc 
could replace it in malting. At present A. 
is the main product formed by the moulds 
used by the producers and hence it is the 
one sold. The others A, A 1 and A1 giv 
lower activity than A 3 . All give some ir 
crease in extract but A 1 shows only ver 
weak activity. 
Stimulation of germination in barley anf 
the ability to influence the aleurone layqt 
to yield enzymes is not confined to th 
gibberellins. Other materials includint 
steviol and kaurenoic acid, extracted fron 
Paraguayan and Australian plants respec 
tively, are structurally related to gibbcrellh 
acid and when used at 100 ppm, they giNlc  
about 15 per cent of the activity releasec 
by 0.5 p.p.m. gibberellic acid. Both thes 
compounds are possible precursors durint 
the biosynthesis of gibberellic acid in pIanO 
and it appears possible that in the aleurom 
layer they may well be converted to tht 
known gibberellic acid or to a similai 
active compound. Other simpler materiab 
such as salts of acetic and acetoacetic acids 
when used at 100 ppm, also stimulate tht 
aleurone layer inducing it to increase the 
yield of simple sugars from the endosperm 
it is possible that these are the initial pre 
cursors in the long series of transformation 
leading to gibberellic acid. With certair 
barleys, acetic or acetoacetic acid whet 
added to steep liquors at concentrations o 
100 ppm. give increases of soluble nitro 
gen, diastatic power and extract, as shows 
in Table V. 
ten 
TABLE V 
Properties of Malts Prepared Using Additives 
Aceto- 
acetic Gibberellic 
None Acid Acid 
Additive (Control) (100 ppm.) 0.5 ppm. 
ot 	water 	extract 
lb./qr. 100.0 101.3 103.5 
iastatic 	Power 57 61 65 
luble 	Nitrogen 	- 
of wort mg./100 
MI. 	... 	 ... . 0.450 0.470 0.510 
Since commercial gibberellic acid can 
duce the aleurone layer to release en-
ymes, the naturally obtained stimulus-
ost likely provided by natural gibberellins 
om the embryo—does not need to occur 
or modification to be effected if the exter -
al stimulant is provided. The growth pro-
esses associated with the development of 
e embryo, such as the formation of roots, 
L
_ 
e wasteful as far as modification is con-
med and if they can be avoided malting 
ss would be reduced. 
Several attempts have been made to in-
tivate the embryo whilst at the same time 
taming the vitality of the aleurone layer 
that it can be activated with gibberellic 
i id and so release the enzymes necessary 
or modification. In one approach (Belgian 
atent 619005) to Associated British Malt-
ers: A. A. Pool, I. Inst. Brewing 1964, 70, 
1; Irish Patent 524/62 the grain is steeped 
r six hours at 105-110°F. (40-43°C.) 
on water then at 65°F. (18°C.) for 5-6 
days when modification is complete. Only 
a very few corns develop roots and malting 
loss is low. In another approach (L. E. 
Smith, M. Linko, T. M. Enari and A. D. 
Dickson, Proc. A. M. Amer. Soc. Brew. 
Chem. 1964, 86) barley is steeped to 
moisture contents within the range of 28-
40 per cent, frozen to +4 to —15°F. (-15 
to —27C.) for a few hours, thawed and then 
steeped again until the moisture content 
is 45 per cent. In the freezing stage, the 
ice crystals which form damage the embryo 
irreversibly but not the aleurone layer and 
after subsequent spraying with gibberellic 
acid solution the grain modified as usual. 
So far these processes have not yet been 
applied commercially. The first one seems 
more easily applicable than the second but 
both use solely physical effects to kill the 
embryo and are unlikely to influence malt 
flavour appreciably. It is, perhaps, along 
these lines that we can expect future dev-
elopments for commercial purposes as the 
six systems described earlier are already 
upon us and the Domalt, Tunnel and Graff 
processes are in commercial production and 
the multiple steeping process seems likely 
to be scaled up. There is certainly great 
promise of development, a promise which 
would perhaps have seemed most unlikely 
even as recently as a very few years ago. 
DISCUSSION 
j:—It seems to be common to all systems 
of short steeping that you get a lower 
malting loss. Can you say what the 
material is that has been lost? Is it 
of a nitrogenous nature, or, is it of a 
starchy nature? 
:—Yes, I presume it will probably be 
proportionally less of all the substances 
normally removed during the traditional 
process. 
:—Does that necessarily imply more 
brewers' pounds per quarter extract are 
nitrogenous? 
k:—No. I think it is probably going to 
mean that if you start from a particular 
weight of barley then you are going 
to get a greater weight of extract from 
that particular weight of barley but dis-
tribution of substances is not altering. 
:—Can you get a stimulating effect from 
more complicated compounds than 
acetoacetic acid, compounds with the 
basic gibberellin structure? I am think-
ing, possibly, if you could have some-
thing simpler than gibberellic acid 
which you could prepare by chemical 
synthesis processes . You might get a 
weaker growth stimulant from some-
thing simpler than GA but not quite 
so simple as acetic acid. 
A:—We feel ourselves that at present it is 
going to be cheapest to use GA itself. 
I do not see us synthesising any mater-
ials immediately which will be as 
powerful as GA. There are simpler 
compounds, which I have mentioned, 
like kaurenoic acid and steviol, but I 
feel sure that they are not going to be 
any cheaper than GA. It may be that 
once we find out more about the action 
of acetoacetic acid we may find it 
cheaper than GA. 
eleven 
Q:—Has any thought been given to develop-
ing compounds similar to GA which, 
perhaps, although they give you greater 
extract, do not give you quite the extra 
soluble nitrogen? I think several 
brewers have suggested it is undesirable 
to have a much greater increase of 
soluble nitrogen? 
A:—Perhaps you might say this is a sub-
stance which will get germination going 
much quicker but not having much 
effect on the endosperm and on soluble 
nitrogen . As far as I can sec most of 
the things which do act on the embryo 
and do get germination moving faster 
also act on the aleurone layer and just 
give roughly the same sort of effect as 
GA. This is one point that has rather 
surprised us, that these simple com-
pounds do act on the aleurone layer. 
Maybe they do not give rise to as 
rapid a response as GA but they in-
duce the grain to give more sugar and 
eventually more soluble nitrogen. 
Q:—The emphasis of your paper has been 
on rapid malting and the systems you 
refer to all work on the principle of 
continuous malting. Have you anything 
to say about the other systems of malt-
ing prior to this continuous method 
such as Popp for instance of which 
we now hear nothing? Or any other 
type of malting? 
A:—You mean something like Frauenheim 
and the Neuberg systems which is not 
unlike the Frauenheim where you are 
simply opening out floors and the grain 
progresses down these. And there are 
also, again, systems where malting is 
carried out on railway trucks in which 
the grain passes round in a circle. But 
these are largely modifications of the 
traditional process and for that reason 
I have not dealt with them. 
Q:—What about Popp when you have fast 
moving malt? 
A:—I have not any experience with the 
Popp system. I think we are going 
to see more of the type of malting 
using spraying in the future, rather 
than the type you have mentioned 
because you also cut down effluents 
when you use the rapid processes. 
Q:—You showed in a slide of uptake of 
water and the enzymic activity that 
during the first six hours the enzymic 
activity was going upwards But i 
you left it in water for longer thai 
six hours, then the enzymic activity I4I 
away. If, on the other hand, you gir 
an air rest at this time you are st] 
going to need, in practical malting an 
way, to give it more water at a la 
stage. Do you then find that you ha 
merely deferred this falling away 
enzymic activity or, does the rise co 
tinue during the second steeping period 
A:—Enzymic activity is not cut back ii1 
any extent during the second steep. 
think, perhaps, more than anything el 
it is the effect of oxygen which is tl 
critical factor in assisting in raising 
activity. 
Q:—Would it be true to say that in a 
these rapid steeping systems the ra 
of growth tends by itself to be i 
creased? With stimulation you g I 
perhaps, undue growth. Is that 
reason for using GA largely in the 
types of systems? Is it to control ro 
growth, or is it to increase the fin 
extract? 
A:—I think it is definitely doing both. 
Q:—Does the use of acetic acid give yc li 
a lower wort pH of a malt? Becausi  
this, presumably, would account for 
slight increase in extract? 
A:—No. I think when using 100 parts pe 
million we get no difference in pli  
The increase in extract comes from i 
creased modification similar to th 
which one might expect from the ii 
crease which you get in a GA treatek 
malt. 
Q:—In relation to the long air rest period 1 
would you like to comment on CO, 
extraction during that period? 
A:—I am afraid I cannot say much on th 
really. We have not done any dete 
minations of CO 2 content. In ou 
vessel we give only very small air flow 
something like 10 to 20 cu. ft. pe 
minute during air circulation. We tak 1 
in a little fresh air and drive off som 
of the CO 2 . Even with the Graff drun 
system mentioned earlier they havc 
found that they do not need to worr 
much about CO 2 because even wher 
they circulate their air, and not tak 
much fresh air in, they find that th 
CO 2 is not interfering with germinatior 
in any way. 
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SUMMARY 
At concentrations normally inhibitory to certain bacteria, 8-azaadenine and 
8-azaguanine are metabolised by the yeast strains Pichia meinbranae/aciens, Candida 
utilis, Rhodotorula glutinis, Saccharomyces carisbergensis and Saccharomyces cerevisiae. 
With the first, a longer lag phase than normal is induced when the azapurine is used 
as the sole source of purine, whereas with the other yeast strains growth commences 
normally. 8-Azaguanine is principally deaminated to 8-azahypoxanthine and a 
mixture of compounds which are highly fluorescent under ultraviolet light. 8-Aza-
adenine yields similar fluorescent materials none of which were identified. In no 
case did it appear that the azapurines were incorporated into ribosides, nucleotides 
or nucleic acid in the yeasts. 
INTRODUCTION 
8-Azapurines, among other analogues of natural bases derived from nucleic 
acids, are incorporated directly into the ribonucleic acid of the bacteria, Escherichia 
coil and Bacillus cereus, and lead to inhibition of growth of the organisms 11-3 . The 
utilization of these azapurines by selected yeasts has now been found to differ 
significantly from that in bacteria. No evidence was obtained that the azapurines 
were incorporated into the corresponding ribosides, nucleotides or into nucleic 
acids. In only one case was retardation of growth observed. 
EXPERIMENTAL 
Organisms. Yeasts from the British National Collection of Yeast Cultures 
(numbers given in brackets after strain) were used as follows: a normal, brewing 
strain of Saccharomyces cerevisiae (240), an adenine-requiring strain of the same 
genus (298), strains of Pichia membranae/aciens (326), Rhodotorula glutinis (5), 
Candida utilis (359), Saccharomyces carlsbergensis (396). 
Azapurines. Azapurines were the gift of Merck and Co. and were added under 
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sterile conditions to the media (as below) to give a final concentration of 6o mg/ 
litre. After addition, the mixture was shaken for 3  h to ensure solution. 
Media. Three were employed: (i) hopped brewers' wort; (z) MYGP-medium 
consisting of yeast extract (Difco, 0.3 %), malt extract (0.3 %), bacteriological 
peptone (0.5 %) and glucose (i %) in water, and (3)  the purine-free medium de-
scribed by CUTTS AND RAINBow4. 
Growth studies. A sub-culture of each yeast was grown in MYGP-medium 
(io ml) for 48 h and the resulting yeast was centrifuged under aseptic conditions, 
washed once with normal saline solution (ro ml) and resuspended in the latter 
solution (10 ml). Portions (0.5 ml) of this suspension were transferred to larger 
batches (ioo ml) of the media (see above) either with or without the purine ana-
logues. Quantitative determinations of growth of the yeasts in media (z) and (s), 
see above, were made by the method described by HARRIS AND THOMPSON 5 . 
Oxygen uptake by yeasts. This was carried out by the conventional manometric 
technique6 . 
Examination of culture fluids. After removal of the yeasts by centrifuging, the 
culture fluids were examined by paper chromatography and by paper electrophoresis 
by the methods used by DAvIEs AND HARRIS 7 . 
Studies on yeast cells grown on 8-azapurines. After removal of the culture fluid 
(see above), the cells were washed once with distilled water and were disintegrated 
by the method of DAVIES AND HARRIS 7 as follows. The yeast was washed with 
anhydrous ether and stirred for 4 h with a mixture of ether and solid carbon dioxide 
to break the cell walls. The cell debris was filtered off, washed with ether and then 
extracted with ethanol by stirring at room temperature. The ethanol extract was 
evaporated to small volume at low temperature (rotary evaporator). The yeast 
cells were subsequently extracted with ethanol—water (I: r, v/v) by refluxing for 
30 mm, and then with 2 M sodium chloride solution at 1000  for 20 mm. The ribo-
nucleic acid in the saline abstract was isolated and hydrolysed as described by SMITH 
AND MATi'HEWS2. Chromatography of the product was carried out as described below. 
Chromatography and paper electrophoresis of yeast extracts. Solvent mixtures: 
(i) 70 % propane-2-oI—Water in an atmosphere of ammonia 8 and (2) methanol-
ethanol—conc. HCI—H 20 (50:25:6: 10, v/v) (ref. 9) were employed. Electrophoresis 
on paper was effected in buffer solution at pH 4.0 as described by DAVIES AND 
HARRIS7 . The azapurines were detected on papers by the methods used by SMITH 
AND MATFHEWS2 . 
RESULTS 
In brewers' wort and MYGP-medium containing azapurines, all yeasts grew 
normally yielding a growth pattern similar to that sh6wn by yeast No. 240 in the 
medium of CUTTS AND RAINBOW (see Table I). The adenine-requiring strain No.298 
did not differ from the other yeasts since adequate amounts of this purine were 
present in these media. When however 8-azaadenine or 8-azaguanine were used in 
the purine-free medium of CUTTS AND RAINBOW 4, growth of this adenine-requiring 
strain did not ensue (see Table I) although it did when adenine was used. When the 
azapurines were added along with adenine growth was normal and in addition the 
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zapurines were utilised to the extent of 75 % during the usual growth period of 
8 h. With the other yeast strains no significant difference was observed between 
growth of the yeasts cultured in any of the three mediawith or without the aza-
purines except in the case of P. inembranae/aciens grown in the medium of CUTTs 
AND RAINBOW with the azapurines as sole source of purines. With this yeast both 
compounds produced (Table I) a long lag of up to 100 h before active growth corn- 
TABLE I 
GROWTH OF VARIOUS YEASTS IN THE MEDIUM OF CUTTS AND RAINBOW CONTAINING ADENINE OR 
AZAPURINES 
Growth (Spekker drum readings) in the presence of: 
Strain 	NCYC Adenine 	- -- Azaadenine 	 Azaguanine 
No. 	18 24 40 18 24 40 100 150 18 24 40 100 150 
(h) 	 (h) 	 (h) 
S. cerevisiae 240 	0.02 0.16 1.42 0.03 0.14 1.31 too dense 0.04 0.19 1.29 too dense 




/aciens 	326 	0.02 0.14 0.97 0.01 0.02 0.02 0.18 0.93 0.01 0.02 0.02 0.024 1.17 
menced. Apart from the unusually long lag, all other aspects of growth of this yeast 
were normal. If the yeast inoculum was withdrawn during the lag phase and cultured 
in other media it grew in the usual way without apparently any inhibition. No 
explanation was found for the long lag phase observed. 
It is remarkable that despite the normal growth, addition of azapurines or of 
6-mercaptopurine to the yeast fermenting in the Warburg respirometer caused a 
significant increase in the uptake of oxygen without concomitant increase in the 
output of carbon dioxide. Hence, the added compounds encourage aerobic res-
piration rather than fermentation. 
In each case in which one of the azapurines was added to the medium, the 
extracts of the yeasts (see above) were examined for the presence of analogues either 
free or combined in the form of nucleotides of nucleic acids. In all cases 70-TOO % 
of the azapurines were taken up by the cells. 8-Azaguanine was converted to 8-
azahypoxanthine to the extent of approx. 25 %, the latter being detected in the 
culture fluids. The fluids also contained small amounts of highly fluorescent materials, 
which were present in greater concentrations in the ethanolic extracts from the yeasts. 
Both azapurines yielded such products, the main constituents of which had RF  
values of o.8 and 0.55 in solvent mixture 2 above and which were not present in the 
controls. So far the identities of these compounds which did not contain ribose or 
phosphate remain unknown. 
No azapurine was detected in a combined from in any of the yeast extracts or 
in the yeast nucleic acid. 
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DISCUSSION 
Yeasts are able to synthesise purine and pyrimidine bases from simple com-
pounds such as carbon dioxide, ammonia, formic acid and glycine and to incorporate 
either the endogenous or exogenous purines directly into their nucleic acids 10 . 
In E. coil and Bacillus cereus similar incorporation mechanisms are present and in 
these instances 8-azaguanine, for example, is also taken up and appears in the 
nucleic acid with resulting inhibition of growth of the organism. In yeasts, however, 
it now appears that the mechanism for incorporating purines into nucleotides and 
nucleic acids is more specific as, in all cases studied neither inhibition of growth nor 
incorporation of azapurines has been detected. It may be that the formation of 
purines from simple precursors rather than direct assimilation is the dominant one 
for providing these units for nucleic acid synthesis in yeasts, as normal strains are 
able to grow rapidly on the purine-free medium of CUTTS AND RAINBOw4. Never-
theless, the presence of the azapurines or 6-mercaptopurine resulted in increased 
aerobic metabolism at least in S. cerevisiae perhaps as a result in part of the utili-
zation of the amino group of the aza compounds and, in addition, the formation of 
the above noted fluorescent compounds. These may be simple triazoles which remain 
after utilisation of the residues 1-6 in the purine skeleton. Only in the case of P. 
membranae/aciens was retardation of growth by the azapurines observed. This 
occurred only in the synthetic medium and was relieved on prolonged culture. 
The long lag-phase exhibited by this yeast in the purine-free medium in presence of 
azapurines may reflect a requirement by this yeast for greater concentrations of 
preformed purines for rapid growth than is the case for the other yeasts studied. 
This yeast is, in any event, unusual in its pattern of purine assimilation as in wort 
it develops a large affinity for guanine relative to adenine even though the nucleotide 
composition of its nucleic acid resembles that of S. cerevisiae in containing more 
bound adenine than guanine'°. However, the fact that azaadenine delays growth as 
well as azaguanine, would seem to indicate that the block in metabolism is concerned 
not only with guanine but with adenine also. 
Finally mention should also be made of the possible use of azapurines in 
selective media required for growth of yeasts but not bacteria. 
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Acetic acid and inorganic acetates, including the ammonium, calcium, potassium 
and sodium salts at concentrations of 100 parts per million in water stimulate the 
germination of dormant barley but have less effect on non-dormant grain. 
Concentrations of more than 250 p.p.m. retard or inhibit germination and concen-
trations less than 1100 p.p.m. have no significant activity. The effect on some non 
dormant barleys is to lead to higher enzymic activities of the grain during 
germination and to hot-water extracts of the kilned malts up to I lb./qr. higher 
than controls steeped in water alone. The improvement in hot-water extract 
produced by 000 p.p.m. sodium acetate solution was usually less than that effected 
by 0.5 p.p.m. gibberellic acid. These findings suggest that the use of acetates at 
concentrations of 1100 p.p.m. might be useful in malting barleys which are dormant 
or otherwise difficult to malt. 
INTRODUCTION AND DiscussIoN 
BRIGGS4 found that acetic acid at concen- 
trations of about 300 ppm. stimulates 
isolated barley embryos to release o-amylase. 
It was of interest to see, therefore, whether 
the acid induces a similar effect on the 
embryo of whole grain and whether any 
stimulus is reflected in the germination of 
the treated seed. Many compounds such as 
sodium carbonate, potassium bromate, ni- 
trites, nitrates, tungstates, manganous ions 
and hydrogen sulphide (see' 3 for review) 
stimulate the germination of barley, especially 
dormant grain. However, Cook & Pollock 6 
found that acetic acid and its sodium salt, 
the latter at concentrations exceeding 500 
parts per million, inhibited root growth and 
germination, whilst Briggs 5 used the acid at 
1% concentration to resteep barley, thus 
inhibiting rootlet growth but not restricting 
subsequent modification. It was thus pos- 
sible that there is a critical level above which 
growth is inhibited and below which it is 
stimulated. In view of the findings2 ' 11 "5 that 
acetates are precursors of gibberellic acid in 
fungi, it appeared possible that they also 
act in a similar capacity in forming gibber- 
ellins in barley and that suitable concen- 
trations may effect increased formation of 
the stimulants which, in turn, affect enzyme 
production and modification during malting. 
The present paper describes the effects of 
different concentrations of acetic acid and its 
ammonium, calcium, potassium and sodium 
salts on the germination of barley. At 
100 parts per million, stimulation of dormant 
grain was observed. The effect of the 
sodium salt at this concentration on enzyme 
activity of the germinating barley and on 
malt quality was further studied. 
Stimulation of germination.—Wh en this 
study was commenced in 1963, freshly 
harvested samples of that year were examined 
together with mature samples of the 1962 
crop. The 1963 barleys exhibited dormancy 
to varying extents and the response of two 
of these samples to various concentrations 
of acetic acid, or certain inorganic acetates is 
shown in Table I. Germination was measured 
under the conditions laid down in the 
germinative energy test of Essery et al.8 and 
represents the percentage of corns which 
showed visible signs of growth after 72 hr. 
The tests revealed that each of the acetates 
examined stimulated germination at not 
more than 250 p.p.m. with a maximal effect 
at 100 p.p.m. These findings are in con-
formity with the conclusions of Cook & 
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Pollock" that acetic acid or sodium acetate at 
concentrations exceeding 500 p.p.m. inhibits 
the germination of barley. No significant 
difference was found between the actions of 
potassium or sodium acetate which were 
slightly more effective than acetic acid, its 
calcium or ammonium salts. For con-
venience, all subsequent work was carried 
out using sodium acetate at the optimal 
concentration of 100 p.p.m. 
With non-dormant samples of the 1961 and 
1962 crop, no significant stimulation of 
germination was obtained using 100 p.p.m. 
sodium acetate solution. Those varieties 
listed in Table II (such as Proctor, Ymer and 
HB 246/5/5) which responded to the 
stimulant when dormant gave a slightly 
faster rate of germination when the count 
of chitting corns was made at 48 hr. instead 
of 72 hr. but this effect appears to be 
TABLE I 




Number of corns germinating in 72 hr. 
Proctor (1) HB 246/5/5 (1) 
None (control) - 51 43 
Acetic acid 50 57 51 
100 65 58 
250 50 40 
500 4 6 
Ammonium acetate 50 44 48 
100 54 54 
250 47 37 
500 11 10 
Calcium acetate 50 54 46 
100 59 52 
250 37 27 
500 20 7 
Potassium acetate 50 54 56 
100 68 70 
250 57 48 
500 38 15 
Sodium acetate 50 61 54 
100 72 70 
250 57 51 
500 47 30 
Germinative capacity 98 97 
At this level different varieties showed 
varying responses. Dormant samples of 
Proctor, Ymer and Hunter were stimulated 
(Table H) whereas those of Boreham Warrior 
and Cambrinus were not. The greatest 
response was shown by the hybrid variety, 
HB 246/5/5 bred by the Plant Breeding 
Institute, Cambridge and known to be 
subject to severe dormancy. 12  The extent 
of the stimulation of this and other varieties 
was always less than that shown by gibber-
ellic acid at a concentration (0.5 p.p.m.) 
normally used in malting.  
marginal, as confirmed in the malting trials 
(see below). 
Effect on enzyme activity and modification.— 
When the germinative energies of the barley 
samples had risen to over 90%, four (see 
below) were steeped in water for 48 hr., in 
sodium acetate solution (100 p.p.m.) or in 
gibberellic acid solution (0.5 p.p.m.) and 
allowed to grow at 65° F. for 6 days. 
Portions were withdrawn at daily intervals 
and the soluble enzymes extracted (see 
Experimental section). 
Although many enzymes are present in 
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TABLE II 
EFFECT OF SODIUM ACETATE OR GIBRERELLIC ACID ON THE GERMINATION OF DORMANT BARLEY 
% of corns showing visible signs of growth after 72 hr. in: 





1 Boreham Warrior 72 74 	 79 
2 Cambrinus 	(1) 70 65 1 	77 
3 ,, 	 (2) 81 84 	 87 
4 HB 246/5/5 	(1) 43 70 I 	84 
5  (2) 55 64 	 80 
6  (3) 71 82 1 	92 
7 Hunter 	(1) 54 70 	 84 
8  (2) 66 77 89 
9  (3) 71 75 	 86 
10 Impala 72 79 j 	92 11 Pallas 	 (1) 84 82 	 88 
12 (2) 77 74 84 
13 Proctor 	(1) 51 72 	 86 
14  (2) 74 82 
j 	
90 
15 ,, 	 (3) 64 75 	 92 
16 Ymer (1) 82 87 94 
17 ,, 	 (2) 70 79 	 86 
germinating barley (see Harris 9 for review), 
for convenience only variations in amylase 
and phosphatase activities, both of which are 
known to be stimulated by gibberellic acid, 
were determined. With the Proctor (1) and 
Ymer (1) samples the changes in these 
enzymic activities are shown in Figs. 1-4, 
which reveal that sodium acetate exerts a 
stimulating effect on both amylase and 
phosphatase activities during germination. 
00 
The increases are more marked in Ymer 
barley than in Proctor. In the former, 
between the third and fifth days, the rise in 
amylase activity is very significant and 
approaches that shown by 05 p.p.m. 
gibberellic acid solution (see Fig. 1). Current 
views (see3 for review) on modification in 
barley suggest that stimulatory substances, 
probably gibberellins from the embryo, 

















3 	5 	 7 
Days of growth 
Fig. 1.—Amylase activities in germinating Ymer 
barley after steeping in water (0 -0), sodium 
acetate solution (L2 — ) or gibberellic acid 
solution (0-0). 
3 	 5 	 7 
Days of growth 
Fig. 2.—Amylase activities in germinating Proctor 
barley after steeping in water (0 -0), sodium 
acetate solution (—) or gibberellic acid 
solution (0-01. 
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form the enzymes effecting modification. 
Addition of gibberellic acid to the steep 
liquor obviously augments the natural mater-
ials, and it appears from the present results 
that sodium acetate has the same effect 
either by stimulating the aleurone layer 














Days of growth 
Fig. 3.—Phosphatase activities in germinating 
Ymer barley after steeping in water (0 -0), 
sodium acetate solution (—) or gibberellic 
acid solution  
It is unusual for a drop in amylase activity 
to occur after the fourth day of germination 
as in the Ymer sample, but it may well be 
that besides amylase, large amounts of 
proteolytic enzymes are formed which degrade 
amylase as germination proceeds. The in-
crease in phosphatase activity effected by 
acetate in the Ymer sample does not suffer 
any similar drop in activity. The rise in 
this activity after the second day of germina-
tion is more regular than that of amylase 
but again is less than that shown in response 
to gibberellic acid solution (see Figs. 3 and 4). 
Acetate gave no stimulation of amylase or 
phosphatase activities in Cambrinus or 
Pallas barleys although gibberellic acid did so. 
Effect of acetate on malt roperties.—After 
6 days germination the four samples used in 
the enzyme studies and several others which 
had been malted for the same period were 
kilned and analysed. Results (Table III) 
revealed that only in the varieties Hunter, 
Proctor or Ymer did sodium acetate lead to 
more efficient modification as measured by  
higher hot and cold water extracts, total 
soluble nitrogen and, sometimes, cliastatic 
powers. In these, also, it appears that the 
increased enzymic activities (see Figs. 1-4) 
observed during the middle phase of ger-
mination contributed towards a slightly more 
rapid malting when acetate was used. This 
increase, however, was less than that effected 
by gibberellic acid solution (see Table III). 
It was not shown in varieties such as 
Cambrinus and Pallas (cf. above) and suggests 
that the usefulness of sodium acetate may be 
confined to samples of certain varieties of 









Days of growth 
Fig. 4.—Phosphatase activities in germinating 
Proctor barley after steeping in water (0 - 0). 
sodium acetate solution —) or gibberellic 
acid solution (E]—E]). 
EXPERIMENTAL 
Germination tests.--These were carried out 
by the method of Essery, Kirsop & Pollock.' 
Solutions of the active compounds were 
prepared using tap water, anhvdrous sodium 
acetate being employed in all cases. No 
difference in results was obtained when tap 
water was replaced by distilled water. All 
barleys had germinative capacities exceeding 
95%. 
Estimation of enzymic activities.-Extraction 
of enzymes.—Germinating grain was crushed 
in a differential roller mill (Pascail Engineering 
Co. Ltd.) with the gap between the rollers 
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being 001 in. The crushed material (50 g.) 
was shaken with water (150 ml.) for 1 hr. at 
room temperature and then centrifuged at 
3000 r.p.m. for 15 mm. The supernatant 
solution was used to estimate the individual 
enzymic activities as follows. 
maintained at 370  C. for 15 mm. Samples 
(1 ml.) were mixed with sodium hydroxide 
solution (1 ml., 0.1 N) at the beginning and 
end of the reaction period and the optical 
densities of. the resulting solutions were read 
in the Spekk.er photometer using violet 
TABLE III 
\NALYSES OF MALTS PREPARED USING SODIUM ACETATE OR GIBBERELLIC ACID 
Barley number 














(0  L.) 
* 
Cambrinus 	(1)  1002 194 	1 0555 100 
 991 182 0580 97 
 1036 221 0694 115 
Hunter 	(1) (a) lOFO 162 0450 77 
(b) 1020 163 0496 80 
(c) 1025 167 0517 81 
Hunter 	(2) (a) lObi 165 0530 81 
 101•4 178 0538 81 
 1035 188 0606 87 
Proctor 	(1) (a) 1002 169 	. 0422 71 
(b) 1020 176 0456 69 
(c) 1019 187 0.469 77 
Proctor 	(2) (a) 1013 173 0.560 64 
(b) 987 176 0574 65 
(c) 1042 202 0.598 75 
Proctor 	(3) (a) 99.5 16•1 0469 87 
(b) 1010 170 0.483 99 
(c) 1010 176 0499 92 
Proctor 	. 	(4)  1025 157 0.471 68 
 1030 163 	. 0477 67 
 1030 164 0504 77 
Ymer 	(1)  957 167 0523 105 
 970 167 0.510 109 
 998 192 0570 111 
* (a) Water; (b) Sodium acetate; (c) Gibberellic acid. 
Amylase.—The enzyme extract (1 ml.) was 
diluted with water to 100 ml. The diluted 
solution (1.0 ml.) was mixed with soluble 
starch and the activity determined by the 
method of Cooper & Pollock. 7 This procedure 
was used in preference to that described in 
the Recommended Methods of Analysis since 
greater sensitivity was required. 
Phosphatase.—The enzyme extract was 
diluted tenfold and portions (2.5 ml.) were 
assayed, with sodium p-nitrophenylphosphate 
(1•0%-2.5 ml.) as substrate, by the method 
of Bessey, Lowry & Brock.' The mixture was  
filters (No. 601) and 025-cm. cells. The 
activities (Figs. 3 and 4) were expressed in 
mg. -nitropheno1 liberated per extract from 
1000 corns per hour. 
Mailing of barleys.—This was carried out 
using 75-g. lots of barley by the method 
described by Kirsop & Pollock.'° Analyses 
were carried out by the Recommended 
Methods of Analysis of the Institute of 
Brewing. 14 
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SPECIFIC PHYSICAL AND CHEMICAL INFLUENCES ON MALT 
MODIFICATION 
I. C. MACWILLIAM, C. M. GR1FFITHS AND T. REYNOLDS 
Brewing Industry Research Foundation, Nutfield, Surrey (Great Britain) 
INTRODUCTION 
It was frequently observed during rapid processes of malting' in which short 
steeping times were employed, that the steep liquors were less highly coloured than 
those from conventional steeping in which the grain was submerged for considerably 
longer periods. These observations suggested that less solids were removed during the 
rapid processes and these materials, such as sugars 2 , amino acids 2 and others 3 which 
are known to be constituents of steep liquors, were retained and utilised perhaps 
thereby effecting more rapid growth. In the present paper, the steep liquors from 
different varieties of barleys steeped either by conventional processes without air-
rests or by a rapid process have been compared and reveal that the latter procedure 
removes only about half of the solids extracted by the former. 
That the steep liquors from the conventional process contain valuable bio-
chemical materials has been investigated in three directions. Firstly, they have been 
added to worts where, in some circumstances, they accelerate yeast growth. Secondly, 
they have been partly retained by the grain as a result of reduced times of steeping. 
Thirdly, they have been retained completely by restricting the amount of water 
sprayed on so that it was entirely absorbed by the grain. 
In addition, the action of gibberellic acid on grain treated by spraying proce-
dures has been followed. The additive is not exclusive in effecting acceleration of 
modification. Thus in all three malting procedures mentioned above, certain other 
compounds have been examined, some of which release tx-amylase and other enzymes 








CH 3  COOH 
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I II 	 ifi 
naturally occurring such as kaurenoic acid 4 (I) and steviol 5 (II) extracted from dif-
ferent plants. They are structurally related to gibberellic acid (III) and may be 
possible precursors during the synthesis of the latter in plants. Other simpler com-
pounds such as salts of acetic and acetoacetic acids were also examined since they may 
well be the initial precursors in the long series of transformations leading to gibberellic 
acid 6 . 
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METHODS AND RESULTS 
Examination of steep liquors 
The three barley varieties (Fig. i) were commercial samples grown in England 
in 1963. Nitrogen contents were between 1.45 and 1.52 and germinative energies and 
capacities each exceeded 95%. 
ir!J 
0.5 
CONVENTIONAL 	 RAPID 
Fig. T. Barley solids removed on steeping. A, Proctor; B, Pallas; C, Cambrinus. 
Lots (500 g) of each barley were steeped in glass sweet jars (5" X  4" X  9" 
high) by the two following procedures. 
(i) Conventional process. Steep for 24 h at 13°C (55°F) after the addition of 
750 ml water. Drain liquor, retain (steep liquor i) and add a further 750 ml water. 
After a further 24 li at 13 °C (55°F) drain liquor and retain (steep liquor 2). 
(2) Rapid process. Steep for 6 h at iS°C (65°F) after the addition of 750 ml 
water. Drain liquor and retain (Steep i). Allow grain to germinate for 22 h at i8°C 
(65°F) by placing the bottle on its side with the neck covered by a gauze cap. Steep 
for i h at i8°C (65°F) using 750  ml water. Drain and retain liquor (Steep 2). 
Each steep liquor was evaporated under reduced pressure (rotary evaporator) 
at 30°C (86°F) to dryness and the residues weighed. Results (Fig. I) are averages of 
two determinations which did not differ from one another by more than 5%. 
Addition of steep liquors to fermentations 
Steep liquors were prepared by covering barley (i kg) with water (1 250  ml) for 
24 h at i3°C (55°F) and draining. 
Wort was prepared by mashing malt (430 g) with water (i.i 1) at 65.5°C 
(150°F) for 1.5 h. The mash was filtered and the spent grains were sparged with water 
(i. 1) which was combined with the separated wort. In batch fermentations, portions 
(500 ml) of the worts were mixed with steep liquor (75 ml) (see above), in conical 
flasks (1.5 1). Controls consisted of similar portions of wort containing distilled water 
(5 ml). The brewing yeast employed (National Collection of Yeast Cultures, No. 240) 
was grown in sterilised wort (io ml) in medical flat bottles for 72 h at 25°C (77°F) 
yielding approximately 0.25 g (wet weight) per bottle. Two such portions of yeast were 
used to pitch each sample of wort. Fermentations were carried out at 18°C (65°F) and 
portions of wort were removed at intervals for estimations of specific gravity and 
yeast concentration. A typical result of the course of the former is revealed in Fig. 2. 
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Additions of steep liquors were also made to worts prepared on the pilot-scale in either 






















Time in days 
Fig. z. Fermentation acceleration by steep liquor, a, normal wort; b, wort with 15% steep liquor. 
Fig. 3. Increase in diastatic power during germination, a, rapid process; b, conventional steeping. 
Comparison of conventional and rapid processes of sleeping 
Barley (variety Proctor—see above) was divided into portions (50 g) which 
were steeped individually in bottles by the two schedules detailed above. At daily 
intervals, portions were milled and the enzymes extracted with water and the activi-
ties of amylase, phosphatase and ribonuclease estimated 9 . In all cases the rise in 
activity during the first three days was greater when the rapid process was employed 
as typified by the values for diastatic power shown in Fig. 3.  In the rapid process the 
maximum hot water extract was obtained four days after wetting whereas in the con-
ventional process seven days were required, comprising two days for steeping and 
five days for modification. In the results shown in Fig. 3  the times shown refer only to 
the modification process for the traditional procedure, whereas with the rapid process 
the short steeping periods are included in the times stated. 
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Preparations of malts without steeping 
Malting was carried out in 75-9 lots which were turned either mechanically at 
10 r.p.m. or by hand and the barley was sprayed at intervals with water using a small 
hand spray operated by compressed air. After bringing to final moisture level, the 
grain was turned by hand for the required period and was maintained at i8°C (65°F) 10 
then kilned and analysed. Analyses were carried out by the recommended methods of 
analysis of the Institute of Brewing". 
The grain responded most favourably to spraying if the moisture was added 
either gradually or at four points, namely 0, 2, 5 and 8 h over a period of 8 h to bring 
the moisture content to 30-35%, then allowed to remain without the addition of 
further moisture until it began to germinate (Ca. i8 h) after which the remaining 
amount was added over a further period of 8 h. The air-rest between the two periods of 
spraying appeared to be necessary even for barleys which were not water-sensitive 
since if the corns remained moist for too long a period, germination of some was im-
paired. After the air-rest, however, the grain could be taken to moisture contents of 
46-50%, higher than is normal in the conventional process, without impairing modi-
fication. In none of the sprayed samples of any of the varieties examined was germina-
tion inhibited by materials which are normally removed from the grains by steep 
liquors. 
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Moisture content ('I.) 
Fig. 4. Modification after spraying. 
With the Proctor and Cambrinus barleys (see above) better modifications, as 
judged from estimations of hot and cold water extracts, diastatic powers and soluble 
nitrogen contents, were obtained when the sprayed grain was maintained at a level of 
46% than at 44% (Fig. 4,  unbroken lines). Malting losses were higher in the grain 
with moisture contents exceeding 45% than in those with lower values being Ca. 
9.5-10% in the former and 8.5-9% in the latter. 
Malting losses were invariably lower when larger scale trials were carried out in 
which barley, 30 lb. (13.5 kg) was turned at a slow speed (In r.p.m.) in a container 
such that it could be sprayed and aerated through a central perforated shaft. In these 
cases, rootlet formation was less than in the small-scale trials and malting losses were 
8-8.5%. In all cases, however, modification required 7 days which is equal to that ob- 
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tamed for the same barley treated by the Conventional process (see above) which 
amounted to 2 days steeping and 5  days germination. 
Effects of stimulants 
If gibberellic acid at a concentration of 0.5 p.p.m. was used as the spraying 
medium in the spraying trials in place of water, higher hot and cold water extracts, 
diastatic powers and soluble nitrogen values were obtained. Shortening of malting 
time was not obtained using the acid as revealed by the hot-water extract values 
(Fig. 4) for Proctor barley, since in no case did the hot water extracts reach their 
maximum value after 6 days. 
Other substances 
Sodium acetoacetate was prepared from ethyl acetoacetate 12 . Portions of the 
salt were dissolved in water for malting trials. 
Kaurenoic acid was a gift from Dr. P. R. Jefferies of the University of Western 
Australia, Nedlands, W. Australia. Steviol was prepared 13 from dried Stevia Rebandi-
ana Bertoni plants kindly provided by Señor de Gasperi, 25 de Mayo 993, Ascuncion, 
Paraguay. For malting and other trials these compounds were dissolved in the mini-
mum of ethanol and were diluted with water to the stated concentration. 
Stimulation of cx-amylase formation in de-embryonated barley 
Barley (variety Cambrinus) was dehusked and the half containing the embryo 
removed and discarded 14. Ten endosperm halves were placed in a sterilised tube and 
TABLE I 
INDUCTION OF AMYLASE SYNTHESIS IN BARLEY ENDOSPERM BY DIFFERENT STIMULANTS 
Sugars produced by amylase action on starch* 
Stimulant 	 Concentration 	Results expressed as percentages of 
(pp—) 	the value obtained for 0.5 P.P.M. 
- - 
	 gibberellic acid 
Water (control) 	 - 	 5 








Kaurenoic acid 	 I 7.5 
10 16 
100 21 
Steviol 	 i 	 so 
10 19 
100 24 
Gibberellic acid 	 o.5 	 ioo 
* For conditions see text. 
References P. 89 
86 	 I. C. MACWJLLIAM, C. M. GRIFFITHS, T. REYNOLDS 
the test solution (2 ml) prepared using sterile water was added. The mixtures were 
maintained at 25°C for 18 h after which water (3 ml) was added and were then heated 
to 65°C for 30 mm. After cooling the soluble sugars in the extracts were determined 
using the AutoAnalyser' 5 . Control solutions containing water or gibberellic acid (0.5 
ppm.) were also included. Results (Table I) reflect the formation of amylases induced 
by the individual stimulant. 
TABLE It 
EFFECT OF ADDITIVES ON MALTING 
JValer A cetoacelic Gibberellic 
control acid acid 
100 0.5 
Extract (lb./qr.) 100.0 101.3 103.5 
Extract (%) 80.7 81.3 82.4 
Diastatic power (°L) 57 61 65 
Ibid. (W-K/units) 184 198 212 
Soluble N (mg/Too ml) 0.450 0.470 0.510 
Malting trials using 75-9 lots of barley in bottles (see above) were also carried 
out with these compounds and increases of hot and cold water extracts, of diastatic 
powers and of soluble nitrogens were obtained as typified by the results (Table II) 
using sodium acetoacetate (ioo PPM.). 
DISCUSSION 
The disposal of effluents in densely populated industrial, European countries 
is a difficult problem for maltings and it seems from the present work that the rapid 
processes may help to overcome the problems, since they yield less oxidisable solids in 
their steep liquors. The difference in the amounts of solids removed by the conven-
tional and rapid processes is about 0.5% and this material retained in the grain ob-
viously assists in promoting more rapid germination of the grain in the rapid process. 
The more rapid rise in diastatic power (see Fig. 3) when synthesis is probably com-
mencing on the first day of germination as compared with the second or third day in 
the conventional process, is probably due to more speedy stimulation of the aleurone 
layer in the former process. It is these tissues where the bulk of enzyme formation 
takes place during malting (see Briggs' 6 for review). Whether this more rapid stimula-
tion is due to prompter formation of gibberellins or to other factors remains unknown 
at present. The retention of certain constituents by the grain in the rapid processes 
contributes towards the more rapid growth of barley as it does in the case of yeast 
(Fig. 2). 
Retention of all the steep liquor constituents by the grain where all the 
moisture requirements are provided by spraying did not, however, accelerate modi-
fication above that obtained in the rapid processes where only partial retention was 
obtained. Although the rootlets of the sprayed grain emerged as fast as in the rapid 
processes, the subsequent time between this point and that in which hot-water 
extract was at its maximum proved longer by 2-3 days in the sprayed samples com- 
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pared with the rapid process, and 1-2 days compared with the conventional process. 
Although it has been shown 17  that steep liquors remove germination inhibitors, there 
was no evidence that they significantly retard germination under working conditions. 
The rather slower modification after root emergence remains to be explained, but it 
may well be related to stimulation of the aleurone layer. 
It appears from the present work that aleurone cells may synthesise their own 
gibberellins or active stimulants. Yomo and Iinuma' 8 have already obtained evidence 
of this and it appears that compounds, which Birch et al. 6 have shown, are precurors in 
the biosynthesis of gibberellic acid in moulds, when supplied to aleurone cells (see 
Table I) are able to stimulate the synthesis of x-amylase and other enzymes. When 
added at these concentrations to barley in the steep, the stimulation manifests itself 
in the acceleration of malt modification. So far, this is not of the same order as with 
gibberellic acid itself but is sufficient to produce noticeable effects on malt properties. 
The use of compounds and procedures such as those described above promises to 
improve control of malt preparation and to moderate the problem of effluent disposal 
in maltings. 
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SUMMARY 
Detailed studies have revealed that about i % of their dry weight are leached from most 
European barley varieties during conventional steeping. Only half this amount is removed, how-
ever, when an interrupted steeping procedure requiring only a total of 8—io h immersion is employ-
ed even though the same final moisture content is attained. 
The material removed by the conventional type of steeping consists largely of biochemical-
ly active substances such as sugars, amino acids and organic acids. The incorporation of various 
proportions of these steep liquors into worts has a noticeable and favourable effect on the sub-
sequent fermentation, the effect being substantial in respect of the rate of continuous fermentation. 
The liquors from barley steeped for a short period contain less sugars and amino acids. These have 
been left in the grain and this, together with the freer access to the atmosphere, leads to (i) more 
rapid germination, (2) the development of higher levels of most relevant enzymes concerned in the 
early stages of germination, and () a prompter rise in diastatic power brought about by stimula-
tion of the aleurone layer by natural gibbercllins, by added gibberellic acid and by other stimulants 
(luring the middle phase of germination. 
Since the effects of partial retention of the steep liquor constituents within the grain 
resulted in more rapid modification, the effect of practically complete retention has been explored. 
This amounts to bringing about the uptake of the requisite volume of water by spraying so that no 
steep liquor and thus no effluent is produced. Different bailey varieties have been sprayed at 
intervals with water or with gibberellic acid solution and turned slowly under conditions normally 
used in drum maltings. Under these conditions, the grain germinates in the normal manner and 
malts are obtained which have slightly lower malting losses than those prepared by the conven-
tional procedure, have satisfactory analytical composition and normal brewing characteristics. At 
temperatures of i3—i8°C, the uptake of water is slower over the first io h than if the grain is fully 
immersed in water and consequently the total period for processing is about i day longer in the 
effluent-free malting procedure than in that using short steeps. In none of the samples so far en-
countered was germination inhibited by materials not eluted by steep liquors. 
The prompter rise in amylase activity effected by natural gibberellins and by added gib-
berellic acid during malting (see above) is also effected by other compounds which to different 
degrees have a similar action in promoting malt modification in all three procedures described 
above. Some of these, like kaurenoic acid and steviol, are structurally related to gibberellic acid 
whilst others are very different but perhaps owe their action to their stimulating the production of 
the normal range of gibberellins in barley. Compounds of this different group which may have 
practical importance include salts of acetic acid and of acetoacetic acid. 
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INFLUENCES PHYSIQUES ET CHIMIQUES SPECIFIQUES SUR LA 
DESAGREGATION DU MALT 
RÉSUMÉ 
Des etudes détaillées ont reveld que le trempage conventionnel élimine environ r % de la 
matière sèche sur la plupart des variétés d'orges européennes. 
Cependant, lorsqu'on utilise une méthode a trempage intermittent n'exigeant quo 8-10 h 
d'immersion an total pour atteindre le même taux d'humidité finale, l'extraction n'attcint quo la 
moitid. 
Les substances éliminées par le type de trempage conventionnel représentent on grande 
partie des substances biochimiquement actives, telles que des snores, des arninoacides et des 
acides organiques. L'incorporation dans les mofits de ces liqueurs de trempage en proportions 
variées a un effet net et favorable sur la fermentation qui suit, leffet etant substantiel par rapport 
a la vitesse de la fermentation continue. 
Les liqueurs issues d'orge trempée pendant une courte période contiennent moms dc sucres 
et d'aminoacides. Ceux-ci sont restés attaches au grain, cc qui conduit en même temps avec un 
accès plus libre de l'atmosphère, a (r) une germination plus rapide, (2) un dCveloppement a un 
nivcau plus élevé des enzymes ics plus importantes intervenant clans les premieres étapcs de la 
germination, (3) un accroissement plus rapide du pouvoir cliastasique par la stimulation de la 
couche a aleurone par les gibberellines naturelles, par l'acide gibberelliquc additionnC et par 
d'autres substances stimulantes au cours de la période intermédiaire de la germination. 
Puisque l'effet de retention partielle clans le grain des constituants de la liqueur de trem-
page a comme consequence une clesagrCgation plus rapide, on a été amené a examiner l'effet de la 
retention pratiquement totale. 
Pour cola, on fixe le volume d'eau requis pour l'arrosage a une valeur telle qu'aucune 
liqueur de trempe, ni aucun effluent n'apparaissent. A cot effet, on a arrosé diffCrentes variétés 
dorge pCriodiquement avec de l'eau ou une solution cl'acide gibberellique et on les retourne lente-
ment clans les conditions normales utilisées pour le maltage en tambour. Dans ces conditions, les 
grains germent d'une façon normale et les malts que l'on obtient ont une freinte bien plus faible 
que ceux prepares par le procéde conventionnel; ils ont en mCme temps une composition analyti-
que satisfaisante et possèdent des caractCristiques normales au brassage. 
Pour des temperatures de 13-18°C, Ia fixation d'eau est plus faible pendant les dix pre-
mières heures quo Iorsque le grain est complètement immergé clans l'eau. Par consequent, la durée 
totale du procede est allongée d'un jour clans Ic procede de maltage sans effluent, par rapport a 
cclui utilisant de courtes trempes. Dans aucun des exemples, aussi loin qu'on a pu chercher, la 
germination n'était inhibée par des substances non éliminées par la liqueur de trempage. 
L'augmentation plus rapide de l'activité amylasique, affectée par les gibberellines naturel-
les et par l'addition d'acide gibberellique pendant le maltage, est aussi affectCe par d'autres corn-
poses qui, a différents degres, ont une action similaire clans le dCveloppement de la désagregation 
du malt décrit clans les trois procédés ci-dessus. Quelques-uns de ces composes, comme l'acide 
kaurénoiquc et le stéviol, sont apparentes an point de vue structure a l'acidc gibberellique, tandis 
que d'autres en sont très différents, mais doivent peut-étre leur action stimulatrice a celle qui 
provoque le developpement a des valeurs normales des gibberellines naturelles de Forge. Les coin-
poses qui, clans cc groupe diffCrencié, peuvent avoir une certaine importance pratique, incorporent 
des sels de l'acide acétique et de l'acide acetoacetique. 
BESTIMMTE PHYSIKALISCHE UND CHEMISCHE EINFLUSSE AUF DIE 
MALZLOSUNG 
ZUSAMMENFASSUNG 
Griindliche Untersuchungen haben aufgedeckt, class aus den moisten europäischen Ger-
stensorten während des konventionellen Weichens ungefahr r% ihres Trockengewichts ausgelaugt 
wird. Nur die Hälfte dieser Menge wird jedoch entfernt, wenn ein Weichverfahren mit Unterbre-
chungen angewandt wird, das nur eine Gesamtdauer von 8—jo h Nassweiche vorsieht, obwohl 
derselbe Weichgrad erzielt wird. 
Die durch die konventionelle Art des Weichens entfernten Stoffe bestehen zurn grossen 
Teil aus biochemisch aktiven Substanzen vie Zuckern, Aminosäuren und organischen SEuren. Der 
Zusatz verschiedener Anteile dieser Weichwässer zur Wtirze ergab einen merklichen und gunstigen 
Einfluss auf die nachfolgende Garung, wobei these Wirkung im Hinblick auf die Geschwindigkeit 
einer kontinuierlichen Garung wesentlich war. Die Weichwässer von Gerste, die nur kurze Zeit 
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geweicht worden war, enthielten weniger Zucker und Aminosturen. Diese sind in den Kdrnern 
verblieben; these Tatsache fuhrt zusammen mit dem freieren Zugang zur Atmosphare (i) zu einer 
schnelleren Keimung, (2) zur Bildung höherer Gehalte der wichtigsten Enzyme, die an den fruhen 
Keimstadien beteiligt sind und () zu einem schnelieren Wachstum der diastatischen Kraft, das 
durch eine Stirnulierung der Aleuronschicht durch natürliche Gibberelline, durch zugefugte Gib-
berellinsäure und durch andere Stimulantien während der mittleren Phase der Keimung bewirkt 
wird. 
Da die Einflusse einer teilweisen Erhaitung der Bestandteiie des Weichwassers im Korn zu 
einer schnelieren Losung fuhrten, wurde die Wirkung eines praktisch vollstandigen Zuruckhaltens 
dieser Stoffe untersucht. Dies läuft auf eine Aufnahme der erforderlichen Wassermenge durch 
Bespruhen hinaus, so dass kein Weichwasser und foiglich kein Wasserabfluss entsteht. Verschiede-
ne Gerstensorten wurden in Abstanden mit Wasser oder mit Gibberellinsaurelosung bespruht und 
langsam unter Bedingungen gewendet, die fur Trommeimäizereien normal sind. Unter diesen Urn-
ständen keimt das Korn auf normale Weise, und es werden Maize erzielt, die etwas geringeren 
Malzungsschwand aufweisen ais die nach konventionellen Verfahren hergesteliten Maize, die 
ausserdem eine befriedigende analytische Zusammensetzung und normale Braueigenschaften ha-
ben. Bei Temperaturen von i3—i8°C ist die Wasseraufnahme in den ersten zehn Studen geringer als 
beim volligen Eintauchen des Getreides in Wasser; foiglich ist die Gesamtverarbeitungszeit bei 
dem abfiussfreien Malzverfahren urn ungefahr einen Tag langer ais bei den Verfahren mit kürzerer 
Weiche. In keinem der Fäiie, die bis jetzt auftraten, wurde die Keimung durch Stoffe gehindert, 
die nicht durch Weichwässer herausgeiaugt worden waren. 
Der schneliere Ansteig der Amyiasetatigkeit, der durch natürliches Gibberellin und durch 
zugefuhrte Gibberellinsäure während des Mälzens bewirkt wird (siehe oben), wird in gleicher Weise 
durch andere Verbindungen hervorgerufen, die in unterschiedlichem Masse eine ahniiche Wirkung 
bei der Beschieunigung der Malziosung in alien drei oben beschriebenen Verfahren haben. Einige 
dieser Verbindungen, wie Kaurensaure und Steviol, sind der Gibberellinsäure strukturell verwandt, 
während andere sehr unterschiediich sind, vielleicht aber ihre Wirkung der Stimulierung der 
Biidung der normalen Gibbereiiine in der Gerste verdanken. Zu den Verbindungen dieser abwei-
chenden Gruppe, die praktische Bedeutung haben könnten, gehoren Saize der Essigsaure und der 
A cetoessigsaure. 
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DISCUSSION 
Dr. A. MACEY (Great Britain): Dr. MacWilliam has shown that during an interrupted 
steeping procedure, with only 8—,o h under water, more dry matter is retained in the grain than 
during a conventional steeping; and he has attributed the observed increased rate of germination 
and the greater development of enzymes to this retention of sugars and amino acids. How has 
the lecturer been able to show that the alteration in germination characteristics is partly caused 
by the greater retention of solid matter and that it is not entirely due to the freer access of the 
atmosphere? 
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Dr. MACWILLIAM: We cannot show, at present, that the improved germination characteris-
tics of the grain steeped for short periods are due only to oxygen. By adding steep liquor back to 
the grain we hope to obtain an answer to your question. Since the liquors contain valuable nutrients 
we see no reason why they should not stimulate barley germination as they accelerate fermentation 
by yeast. 
Dr. A. MACLEOD (Great Britain): Is the increase in amylase in response to acetic acid due 
to a direct action on the aleurone? 
Dr. MACWILLIAM: Yes, the increase in amylase effected by acetic acid is due to direct 
stimulation of the aleurone layer, since in this work we used dehusked and de-embryonated grain 
which was flushed over 18 h with the test solutions and the amylase activities were measured. 
Dr. K. ZASTROW (Germany): Tm Hinblick auf den Geschmack des Bieres wurde es bisher 
als Vorteil angesehen, wenn die Gerste beim Weichen starker ausgelaugt wurde (alkalische Weiche). 
Nach den AusfUhrungen des Redners ist eine schwkchere Auslaugung von \Torteil.  Wurden die 
bcschriebenen Versuche his zum fertigen Bier gefuhrt und wurde der Geschmack gepruft? 
Dr. MACWILLIAM: Yes, we have brewed with sprayed malts and we have obtained beers 
which have satisfactory flavours. No trouble was obtained in processing or during fermentation in 
spite of the fact that the husk flavoured material normally removed during steeping, still remained 
in the sprayed malts. 
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UtDisoton of certain derivatives of oGonine and cirgnine by yeasts 
Peptidyl-nucleotidates have been isolated from yeasts 1-3 and other cells4 ' 5 and 
are considered to be intermediates in protein synthesis6. One such compound, 
isolated from yeast", namely L-argmyl--L-alanyl-L-arginyl-L-alanyluridine-5'-phos-
phate has been synthesised, 7 and the opportunity has been taken to study the 
assimilation of this compound, of closely related compounds, and of intermediate 
peptide derivatives 7 ' 8 by yeasts. The results now presented reveal that peptidyl-
nucleotidates are not utilised under any of the conditions employed although the 
free peptides are able to support yeast growth. 
Two growth media were used: (a) a nitrogen-rich medium 9 containing amino 
acids but no purines to give information on the assimilation of the test compounds 
in the presence of amino acids, and the other (b) containing the trial substance as 
sole source of nitrogen 10. Two yeast strains were employed, namely one of Saccharo-
nzyces cerevisiae (National Collection of Yeast Cultures No. 240), and the other of 
Picijia membraiiae/aciens (N.C.Y.C. No. 326). The latter was chosen since it possesses 
extracellular peptidase activity" (sec later). The test compounds (Table I) were 
TABLE I 
GROWTH ON, AND UTILISATION OF, DERIVATIVES OF ALANINE AND ARGININE BY S. cerevisiae 
Derivative Growth (Spekker drum readings) 
in medium (b) (see text) with 
derivative as sole source of 
nitrogen after 
18h 24h 36h 54h ôoh 
Utilisation (%) of 
derivatives 54  h 
after inoculation in 
medium medium 
(a) 	(b) 
L-Alanlne (control) 0.01 0.11 0.49 0.98 1.24 Not determined 88 
L-Arginine (control) 0.01 0.13 0.59 1.17 too dense Not determined 95 
L-Arglnyl-L-alanine 0.011 0.05 0.37 0.78 0.90 87 73 
L-Alanyl-L-arginine 0.01 0.06 0.33 0.69 0.84 88 70 
L-Arginyl-L-alanyl-L-arginyl-L-alanine 0.01 0.02 o.o8 0.37: 0.45. 40 19 
L-Alanyl-L-arginyl-L-alanyl-L-arginine 0.011  0.011 0.07 0.35, 0.41 39 1 7 
D-Alanine 0.01 0.01 0.02 0.0i.,0.02 Not determined o 
L-Arginyl-D-alanine 0.01 0.01 0.01 0.02 0.01 0: 0 
L-Arginyl-D-alanyl-L-arginyl-D-alanine 0.01 0.01 0.02 0.02 0.02 0 0 
L-Arginyl-L-alanyluridine-5'-phosphate 0.01 0.01 0.011 0.02 0.02 0 0 
L-Arginyl-L-alanyl-L-arginyl-r.- 
-alanyluridine-5'-phosphate 0.011 0.01 0.01 0.01 0.01 0 0 
dissolved in water at a concentration of i %, the solutions Seitz-filtered and the 
resulting preparations added to sterilised growth media to give final concentrations 
of o. i %. The stock cultures were grown in medium (a) without test compound and 
a small inoculum (wire-loop) was transferred to the medium containing the test 
compound (io ml), the culture being shaken at 25 ° for 6 days. Samples were with-
drawn at daily intervals and growth of the yeast was followed by measurement of 
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turbidity, using a Spekker absorptiometer in conjunction with calibration curves 
prepared for each yeast strain. In addition, the cells were removed from each sample 
withdrawn by centrifuging and the culture fluids examined by paper chromatography 
and paper electrophoresis as described by DAVIES AND HARRIS'. Of the compounds 
examined (Table I), only peptides composed of L-amino acid residues promoted 
growth of the yeasts when used as the sole source of nitrogen in medium (b) and were 
taken up from medium (a) during proliferation. The results for S. cerevisiae are given 
in Table I. Generally similar ones were obtained using P. membranae/aciens. Utilisa-
tion was considerably more rapid from medium (a) than from (b) (see Table I), the 
test compounds being determined using ninhydrin' after separating them from the 
bulk of the amino acids by paper electrophoresis" in the case of medium (a) or directly 
when medium (b) was employed. Peptidyl-nucleotidates derived from both di- and 
tetrapeptides (Table I) and peptides containing n-alanine residues failed to promote 
yeast growth. Quantitative chromatographic analysis (see Table I) revealed that 
none of the compounds failing to promote growth on medium (b) were absorbed 
significantly by the yeast and all could be isolated from the medium in an unchanged 
condition. When larger inocula of yeast (ioo mg dry wt.) were added to the nitrogen-
free medium (b) containing D-alanine or L-argmyl-D-alarnne there were small uptakes 
(5-10 %) of these materials by the cells but no significant growth was observed. It 
appears possible that they were transported into the cell but are unable to initiate 
growth. When such yeast was resuspended in medium (a) it grew normally and no 
evidence of derangement was observed. 
In no case was hydrolysis of peptides or peptidyl-nucleotidates detected 
during culture of the yeasts in medium (b) and it appears, therefore, that the pepti-
dases" excreted by the Pichia strain used, are not able to attack the particular 
peptides employed. In this connection, aminopeptidase as prepared by DAVIES AND 
HARRIS' readily attacked L-arglnyl-L-alanyl-L-arglnyl-L-alanine although it was 
without action on the corresponding isomer containing D-alanyl residues. 
The failure of peptidyl-nucleotidates to support growth or to be utilised under 
any conditions, confirmed recently by other workers 12, suggests that no mechanism 
exists to introduce these compounds into the cell. Although natural purine and 
pyrimidine bases are readily taken up by yeasts 13, their ribosides are utilised only 
slowly and the corresponding ribotides almost not at all. Linking of the last-named 
to a peptide also fails to bring about entry into the cell even although mechanisms 
exist for the uptake of peptides themselves. No previous report has been published 
of the utilisation of tetrapeptides by yeast. AND THORNE 14 , predicted that 
these would not be readily assimilable in view of their findings that dipeptides are 
less easily taken up than the free amino acids comprising them. Although the present 
work (see Table I) confirms that the rate of utilisation varies in the order: amino 
acid> dipeptide > tetrapeptide, the last-named still supports adequate growth of 
yeast. 
The authors thank Dr. A. H. COOK, for his advice and encouragement given 
throughout the course of this work. 
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WATER UPTAKE AND ENZYMIC ACTIVITY DURING STEEPING 
OF BARLEY 
By T. REYNOLDS, M.Sc., A.R.C.S., D.I.C. AND I. C. MACWILLIAM, B.Sc., Ph.D. 
(Brewing Industry Research Foundation, Nuijield, Surrey) 
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During steeping of barley, the increase in moisture content of the grain exhibits 
two phases, of duration respectively 6-10 hr. and 35-50 hr. In the first phase, the 
embryo absorbs water preferentially with the endosperm imbibing less quickly. 
In the second each part absorbs slowly. In the first phase, amylase, ribonuclease 
and phosphatase activities of the embryo all rise appreciably, paralleling water 
uptake, but after about the first 6 hr. all fall and only rise again if the steep liquor 
is changed or if the grain is exposed to the atmosphere. There is no fall in activity 
if the liquor is drained after 6 hr. Enzyme activities in the endosperm show no 
appreciable rise until after 4 hr. steeping. In the second place, activity of the 
whole grain and of the individual parts bears no relation to water uptake. Gib-
berellic acid stimulates enzymic activity in both embryo and endosperm at very 
early stages. The importance of these findings in regard to multiple steeping 
processes is discussed. 
INTRODUCTION AND DISCUSSION 	correlations exist between metabolic activity 
THIS paper compares the uptake of water and moisture content during steeping. Al- 
with enzymic activity in whole barley and though this has been carried out in certain 
in its component parts to ascertain whether other seeds it has not been previously reported 
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for barley. Results show that, in the first 
few hours of steeping, water uptake parallels 
the rise in enzymic activity with respect to 
amylase, ribonuclease and phosphatase; in 
the following period there appears to be little 
relationship between them. 
Water uptake by barley.—After varying 
periods of steeping, barley was separated 
into embryo axis, scutellum, endosperm and 
husk, with pericarp, testa and aleurone layers 
being isolated in a composite preparation. 
Results (Table I) indicated that the axis of 
the embryo and the scutellum absorb water 
considerably faster than the other parts of  
for all varieties of barley examined although 
individual samples varied considerably in 
their rates of uptake 9. The pattern is dis-
cussed further below. 
Enzymic activities.—Three enzymic activi-
ties, namely amylase, ribonuclease and phos-
phatase, were selected for study. Measure-
ments of proteolytic activity employing 
haemoglobin'° or N-benzoyl-L-arginamide 5 
were not sufficiently sensitive to detect the 
very small changes occurring during steeping 
and no method was found which was able to 
do so. The other activities were measured 
as described in the Experimental Section. 
TABLE I 
MOISTURE CONTENTS OF CONSTITUENT PARTS OF BARLEY DURING STEEPING 
% Moisture after steeping at 13° C. for: 
2 hr. 4 hr. 6 hr. 24 hr. 
Scutellum 	.. 	 .. 	 .. 	 .. 185 368 50•0 57.9 
Embryo axis 	.. 	 .. 	 .. 	 .. 330 436 51•3 57.9 
Pericarp + testa  + aleurone .. 114 156 268 36•4 
Starchy endosperm 	 .. 100 125 21•4 35.0 
Husk 	.. 	 .. 	 .. 	 .. 405 431 44.9 47. 
Whole grain (by direct estimation) .. 21-6 25•9 28•6 384 
Whole grain (by summation) 	.. 209 248 271 37.5 
the corn except the husk. During the first 
2 hr. the embryo axis imbibes water more 
rapidly than any other organ but during the 
next few hours the scutellum absorbs more 
rapidly than the axis with the result that 
both have similar contents after 6 hr. This 
content is greatly in excess of that of the 
remainder of the grain and confirms earlier 
work. 7 Since the embryo axis and the 
scutellum absorbed water faster than the 
other parts of the grain, and since these two 
organs could be rapidly excised from the 
steeped barley as a unit, for the more 
detailed studies the grain was separated into 
two portions, one (the embryo) comprising 
the axis of the embryo and the scutellum, 
and the other composed of husk, pericarp, 
testa, endosperm and aleurone layer, here-
after described as "endosperm." 
Fig. 1 depicts the uptake of water by whole 
mature Proctor barley and by its embryo 
and endosperm during continuous steeping 
for a period of 12 hr. at 13 ° C. In the 
following 40 hr. imbibition in each part was 
slow and regular. This pattern was observed 
These (Figs. 2, 3 and 4) showed significant 
variations during the earliest phase of 
steeping. In the first 6 hr., the activities in 
the embryo rose to a maximum at the end 
of this period after a slight fall during the 
first 2 hr. in the case of amylase (Fig. 2) and 
















Fig. 1.—Increase in moisture content of Proctor 
barley (0)  and of its embryo (ç) and endo-
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removed from the steep at the end of this 
period, the activities continued to rise 
steadily during the next 6 hr., whereas if it 
was retained under water, all declined. The 
peaks of the initial rises in enzymic activity 
at the 6-hr. period occurred at the point 
where water uptake was slowing down after 
the initial rapid uptake (Fig. 1). After this, 
the ingress of moisture was slow and the 
result of the enzyme estimations revealed 
that there was no correlation between the 




















Fig. 2.—Variations in amylase activities of barley 
(0) and of its embryo () and endosperm (A) 
during steeping in water for 6 hr. and air-
resting for 6 hr. (curves A) or during steeping 
for 12 hr. Water (—); 05 p.p.m. gibberellic 
acid solution ( ----- ). 
The activities in the endosperm showed no 
pronounced variations during the first 4 hr. 
of steeping when the moisture contents of 
this part was below 25%. As the moisture 
content increased, slight rises in amylase and 
phosphatase activities were observed, but 
these bore no definite relationship to water 
uptake. 
When the grain as a whole is considered, 
it appears that water uptake in the first 
period of 6 hr. parallels the rise in enzymic 
Time (hr.) 
Fig. 3.—Variations in ribonuclease activities of 
barley (0)  and of its embryo () and endo-
sperm (A) during steeping in water for 6 hr. 
and air-resting for 6 hr. (curves A) or during 
steeping for 12 hr. Water (—); 05 ppm. 
gibberellic acid solution ( ----- ). 
activity but after this there is no correlation. 
In the first phase, lasting about 6 hr., the 
rapid uptake of water in the embryo re-
activates the enzymes present in this tissue, 
but in the second phase the activities of the 
enzymes are influenced by the availability of 
oxygen as revealed by the differences in 
activity shown in grain either left in the 
steep or exposed to the atmosphere (see 
Figs. 2-4). Although the availability of 
oxygen accelerates growth and enzymic 
activity, evidence presented in the following 
paper6 reveals that this offers no advantage 
in malting since it promotes rootlet formation 
and increases malting loss. 
The presence of a third phase of water 
uptake intermediate between the imbibitional 
and metabolic phases reported by many 
investigators is somewhat questionable and 
may merely represent a region of overlap 
between the other two phases. 
Influence of gibberellic acid.—The addition 
of gibberellic acid to the steep liquor resulted 
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Time (hr.) 
Fig. 4.—Variations in phosphatase activities of 
barley (0)  and of its embryo (0)  and endo-
sperm (A) during steeping in water for 6 hr. 
and air-resting for 6 hr. (curves A) or during 
steeping for 12 hr. Water (—); 05 p.p.m. 
gibberellic acid solution (----- 
of whole barley and its embryo and endo-
sperm (see Figs. 2-4, broken lines). The 
endosperm showed no pronounced increase 
until about the fourth hour after wetting 
and it is presumed that, as explained above, 
the aleurone tissue is not sufficiently moist 
to allow any significant rise in activity. 
The increase in the whole grain in the early 
period must be largely derived from the 
embryo since in this tissue all three activities 
exhibit slightly higher values in even 1 hr. 
under the action of the stimulant. It is 
noted that in the embryo treated with 
gibberellic acid, the fall in amylase activity 
exhibited after 6 hr. (see Fig. 2) occurs later 
in the grain steeped in water. It is known 
that barley respires at a faster rate in the 
presence of gibberellic acid and it seems 
likely that the earlier drop in activity exhibi-
ted by the treated grain results from faster 
utilization of oxygen. Dahlstrom, Morton & 
Sfat3 have observed that all available oxygen 
is used up within 1 hr. of steeping both in 
water and in gibberellic acid solution al-
though it would seem from the present results 
that the lack of oxygen is not manifest in 
the changes in enzymic activities until 3-5 hr. 
later. 
It has been shown recently 2 that isolated 
barley embryos are stimulated by gibbereffic 
acid in the presence although not in the 
absence of amino acids and it is possible that 
this is happening in the living corn. The 
amino acids may be provided by the embryo 
itself or supplied by the endosperm through 
the scutellum since, although the endosperm 
does not rapidly receive moisture and become 
enzymically active after wetting the grain, 
the portion closest to the embryo does 
receive water more quickly than the remain-
der, having 33% moisture when the latter has 
only 27%; it may thus be able to provide 
nutrients to the embryo at an early stage. 
Although the embryo is stimulated by 
gibberellic acid, this has little importance to 
the ma.ltster since the major effect on 
modification is exerted by the stimulus to 
the aleurone layer. 
Water uptake in a multiple steeping process.-
The present findings provide a detailed 
explanation of the factors responsible for the 
rapid germination of barley in a multiple 
steeping process. 8 A first steep of 6 hr. 
allows the embryo and scutellum to absorb 
water and enzymic activity to increase con-
siderably in these parts. Removal from the 
steep at this period ensures that the enzymic 
activity does not fall owing to lack of 
oxygen and that the processes which lead to 
emergence of the rootlets can go forward 
uninterrupted. These appear to do so despite 
lack of moisture and thus of metabolic 
activity in the endosperm and in the aleurone 
layer. Once their emergence has occurred, 
the grain absorbs water very rapidly. If the 
grain has been water sensitive, the earlier 
short steeping has ensured that its embryo 
does not pick up too much water and become 
damaged. Once such water-sensitive grain 
has chitted, it behaves like normal barley 
and can be steeped without difficulty. In 
this second steep the moisture content rises 
by 10% in 1 hr. during which the aleurone 
layer and the endosperm become fully 
moistened and the major synthesis of cc-
amylase and of other enzymes necessary for 
modification can take place. Without this 
second steep, the growth of the embryo 
continues for some time, but softening of 
the endosperm and the formation of large 
amounts of enzymes fails to occur. This 
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rapid malting procedure encourages rootlet 
growth, a disadvantage which has been 
emphasized in the past (see 8  for review). 
The third steep of the multiple process kills 
the roots but allows modification to continue 
and reduces malting loss. 
EXPERIMENTAL 
Water uptake.—Samples of barley grain 
(10 g.) were steeped in excess water at 13° C. 
At intervals portions were drained, the 
surplus moisture was removed by blotting 
between muslin and the grain was weighed. 
In calculating water uptake it was assumed 
that dry weight remained constant and that 
increase in weight represented water taken 
up since leaching of material from the grain 
is less than 1% under normal conditions.' 
From the steeped grain the scutellum and 
embryo were detached with a needle from 
the endosperm as a unit. In some cases 
(Table I) the scutellum and the axis of the 
embryo were separated, using a scapel, as 
were the husk, pericarp + testa + aleurone 
and the inner endosperm. The individual 
parts from 20 grains were weighed into small 
glass vials, dried using an infra-red drying 
lamp (Mazda), and reweighed. 
Determinations of enzymic activity 
Extraction of enzymes.-50 embryos, endo-
sperms or whole grains after steeping were 
ground in a mortar, washed with 10, 40 and 
50 ml. respectively of water into a flask and 
shaken for 1 hr. The mixture was centrifuged 
and the supernatant liquid was used for 
enzyme assay. 
Amylase.—The extract (0.6 ml.) was added 
to soluble starch under the conditions 
detailed by Ashurst & MacWilliam.' The 
sugars formed were estimated automatically 
as described by these authors. Results are 
expressed as mg. maltose formed per hr. per 
50 corns.1 
Phosphatase.—The undiluted extract was 
added to p-nitrophenyiphosphate solution 
and the resulting p-nitrophenol was estima-
ted.4 Results are expressed as phosphatase 
units in which one unit is the amount of 
enzyme necessary to liberate 1 mg. p-nitro-
phenol per hr. at 37° C. 
Ribonuclease.–The enzyme extract (2.5 ml.) 
was mixed with 1% ribonucleic acid solution 
(2.5 ml. in tris (aminoethyl) methane buffer 
pH 6) and maintained for 1 hr. at 37° C. 
Samples (1 ml.) were pipetted into acidified 
alcohol (1 ml.; 9 ml. conc. hydrochloric acid 
diluted to 100 ml. with 95% ethanol) at the 
beginning and end of the reaction. The 
mixtures were left overnight at 2° C. and then 
centrifuged (4000 r.p.m.) and 1 ml. protions 
diluted to 50 ml. with water. The absorption 
was measured at 260 rn/s. in a spectrophoto-
meter. Activities were expressed as increase 
in absorption per extract from 50 corns per hr. 
Acknowledgement.—The authors thank Dr. 
A. H. Cook, F.R.S., for the help and 
encouragement given to them throughout 
the course of this work. 
REFERENCES 
Ashurst, P. R., & MacWilliam, I. C., this 
Journal, 1963, 394. 
Briggs, D. E., this Journal, 1964, 14. 
Dahlstrom, R. V., Morton, B. J., & Sfat, M. T., 
Proc. A. M. Amer. Soc. Brew. Chem., 1963, 
64. 
Griffiths, C. M., MacWilliam, I. C., & Reynolds, 
T., this Journal, 1965, 316. 
Kimmel, J. R., & Smith, E. L., in Biochemical 
Preparations, New York: John Wiley & 
Sons Inc., 1958, 6, 61. 
MacWilliam, I. C., & Reynolds, T., this 
Journal, 1966, 00. 
Pollock, J. R. A., in Barley and Malt, ed. by 
A. H. Cook. New York and London: 
Academic Press Inc., 1981, Chapter 8. 
Pool, A. A., this Journal, 1962, 21. 
Reynolds, T., & MacWilliam, I. C., unpub-
lished observations. 








Vol. 72, 1966] 
	
171 
SOME EFFECTS OF THE USE OF GIBBERELLIC ACID IN MALTING 
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In a conventional two-steep process or in a rapid steeping procedure, gibberellic 
acid at a concentration of 05 p.p.m. effected increases in hot water extracts of the 
resultant malts when it was added in either of the two steeps. A much greater 
effect was obtained by the addition of the stimulant to the second steep than to the 
first, or by applying it as a spray after steeping. When it was employed in both steeps 
the effects produced were cumulative. No advantage accrued if the grain was 
aerated during steeping in gibberellic acid solution or soaked in hydrogen peroxide 
solution since higher hot water extracts and more rapid modification were not 
obtained, and malting losses, largely resulting from additional formation of rootlets, 
were increased. 
INTRODUCTION AND DISCUSSION 
GIBBERELLIC acid can either be applied as a 
spray after steeping or dissolved in the steep 
liquor at different points during steeping to 
stimulate the germination processes. 2 The 
mode and time of addition influence the 
properties of the resulting malt. Thus 
Kleber et al.5 '6  found in a series of malting 
trials involving a three-steep process separated 
by two air rests that gibberellic acid yielded 
its maximum effect, as judged by various 
analytical criteria, when added as a spray 
after the grain was cast from the steep. 
Slightly inferior results were obtained if the 
stimulant was dissolved in the third steep 
liquor and even lower ones if it was used in 
the earlier steeps. Most other investiga-
tors1 ' 7 '12 "3  have not studied at which point 
in the process gibberellic acid yields a 
maximum effect but have added it in the 
final steep or as a spray after casting in 
accordance with the findings of Kleber et al.6 
The present investigation was undertaken to 
examine the effects of gibberellic acid added 
at different points in two steeping schedules 
which represented extremes in the amount of 
oxygen provided during steeping. In the 
first procedure, which reflects a traditional 
form of steeping, the grain was left covered 
with water until the moisture content was 
43-44%. This occupied 48 hr. at a steep 
liquor temperature of 55° F. No air rests 
were given as the grain was not water 
sensitive and only one change of water was 
made after 24 hr. In the second procedure, 
the grain was subjected to a multiple steeping 
process9 in which it was covered for the 
minimum time and water at an elevated 
temperature was used as described in Table I. 
TABLE I 
MULTIPLE STEEPING PROCESS 
Time Temperature 
Operation 	I (hr.) 	(° F.) 
Steeping to 33% moisture 	6 	65 
Air-rest 	.. 	.. 	.. 20 65 
Steeping to 44% moisture 	1 	65 
Air-rest 	. . 	. . 	. . 22 65 
Steep to kill roots .. 	1 	105 
Air-rest 	.. 	.. 	.. 40 65 
Malts were prepared by each process from 
two barley varieties, Proctor and Pallas, 
with gibberellic acid added in either first or 
second steep, in both steeps or as a spray 
after removal of the second steep liquor. 
Analyses of the malts (Table II) revealed in 
each of the trials that when the addition 
was made in the first steep an acceleration of 
malt modification was obtained. When, 
however, the stimulant was added in the 
second steep or as a spray, acceleration of 
malting was still greater. In all cases too, 
the effects of adding the stimulant in both 
steeps were cumulative and the highest hot 
and cold water extracts as well as soluble 
nitrogen contents and diastatic powers were 
so obtained. Although the use of twice as 
much gibberellic acid in these cases gave 
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TABLE II 
EFFECT OF GIBBERELLIC ACID ON MALT PROPERTIES 
Proctor 	 II 	Pallas 
Gibberelllc acid added 
None 1 in 1st I in 2nd I in both 	as a 	None 	in 1st in 2nd in both 	as a 
Malt analysis 	(control) steep 	steep 	steeps spray (control) steep 	steep 	steeps spray 
Conventional steeping; 5 (2(5g8' 
growth at 65 F 
Hot water extract (lb./qr.) 102-7 103-6 1042 1046 1043 93-5 100-5 1016 102-7 101-4 
Cold water extract (%) 	. 178 18-6 19-2 21-6 189 146 16-5 173 182 16-3 
66 76 78 78 57 60 64 67 67 62 
Index of nitrogen modification 37-0 393 39-8 89-7 40-8 32-8 34-5 359 37-5 363 
Malting loss (%) 8-1 8-1 8-2 8-8 83 79 8-0 8-0 8-1 81 
Multiple steeping 
Diastatic power (* L.) ....... 
Hot water extract (lb./qr.) 1003 1008 101-5 102-8 101-2 100-6 100-8 101-2 102-8 1025 
Cold water extract (%) 	- - 165 16-4 17-3 190 17-7 17-1 18-6 18-8 18-3 20-0 
59 63 55 65 58 51 56 56 63 59 Diastatle power ('L.) .....
Index of nitrogen modiflcation 36-9 42-2 42-3 43-7 415 36-7 38-8 39-5 41-4 41-0 
Malting loss (%) 5-0 5-1 5-1 5-2 5-1 4-8 5-0 5-0 5-0 5-0 
* For conditions see text. 
t See Table I. 
more rapid modification, the small effect 
produced, compared with that obtained when 
it was used in the second steep only, does not 
justify using the increased quantity in 
practice. 
The multiple-steeped malts from the 
Proctor barley had lower hot water extracts 
than those of the corresponding convention-
ally steeped malts (see Table II), although 
malts prepared by the former process are 
reported 9 to give extracts as good as that of 
the latter as in the case of the Pallas sample. 
No explanation can be advanced to account 
for the drop in hot water extract given by 
Proctor in the present trials in the multiple-
steeping process. 
Since the pattern of stimulation is similar, 
even when considerable variation is made in 
the steeping process, it appears likely that 
the moisture content of the grain, or, more 
particularly, its embryo and endosperm, is 
the most important factor influencing the 
effect of gibberellic acid. When the moisture 
content of the grain is about 33%, that of 
the embryo is over 50% whilst that of the 
aleurone layer is only about 30%.h1 The 
embryo is therefore much more likely to 
respond to gibberellic acid than is the 
aleurone layer at this early point during 
steeping. The effect on the embryo is never-
theless rather limited as is seen from Table II. 
When, however, the grain has taken up its 
full quota of moisture and the aleurone layer 
contains 45% of water like the remainder of 
the grain, it can respond much more effect-
ively to gibberellic acid, which thus shows a  
much greater effect when added to the 
second steep. Moreover if the grain is fully 
steeped so that the husk, pericarp and testa 
are saturated with moisture, gibbereffic acid 
will more readily diffuse through to the 
aleurone layer, after being sprayed on the 
grain. 
Effect of aeration during conventional steep-
ing process.—When gibbereffic acid is used in 
the steep liquor, the accelerated metabolism 
leads to a greater demand for oxygen. 3 The 
amount of oxygen dissolved in the steep 
liquor is low, however, and its lack may 
restrict the advantages produced by gibber-
ellic acid in a traditional steeping procedure 
(see above) in which the grain is submerged 
for 48 hr. at 55° F. with one change of water. 
The effects of providing a regular supply of 
oxygen to the steep liquors either by aerating 
gently or by adding hydrogen peroxide to 
them have now been examined. 
In a review of the use of hydrogen peroxide 
in malting, Pollock 8 concluded that a 0-75% 
solution is the most effective and this 
concentration was employed. Micromalting 
trials were carried out with and without the 
use of gibberellic acid. Analyses of the 
kilned malts (Table III) revealed that the use 
of hydrogen peroxide or aeration alone did 
not significantly increase the hot water 
extract. When gibberellic acid was employed, 
it yielded malts with higher hot and cold 
water extracts, diastatic powers and soluble 
nitrogen, indicating that it alone had 
accelerated malting. However, in each case 
with and without gibberellic acid, aeration 




EFFECT OF OXYGEN ON MALTS PREPARED WITH AND WITHOUT GIBBERELLIC ACID* 
Without gibberellic acid With gibberellic acid (0.5 p.p.m.) 
Aeration Steeped Aeration Steeped 
No during in 0.75% No during in 0.75% 
aeration steep H202 aeration steep H202 
Hot water extract (lb./qr.) 	.. 1006 1006 101'2 1019 1022 1020 
Cold water extract (%) 	.. 	 .. 16'5 133 153 160 19'0 194 
Soluble nitrogen (mg./100 ml.) 	.. 0498 0489 0.505 0526 0542 0542 
Diastatic power (° L.) 	.. 	 .. 60 64 59 63 65 69 
Malting loss (%) 	.. 	 .. 	 .. 9.3 98 97 90 104 97 
Root weight (%) 	.. 	 .. 	 .. 3.5 3.9 3.7 3.5 4.3 41 
Extract yield (malt yield x hot 
water extract) 	.. 	 .. 	 .. 912 908 914 927 916 921 
* 6 days germination at 650  F. 
increased malting loss especially through the 
formation of roots. Malting loss due to 
rootlets can be reduced by a resteeping 
process, for example, as shown in Table II, 
but this is only of economical advantage if 
used with a rapid steeping process and not 
with a traditional one. 
EXPERIMENTAL 
Barley samples were purchased from bulks 
supplied to maltsters. Each had germinative 
energies exceeding 95%; they were not water 
sensitive. Nitrogen contents were between 
1'4 and 1.5%. 
Malting trials were carried out using 75-g. 
lots in bottles by the procedure detailed by 
Kirsop & Pollock.4 The contents of three 
bottles were combined and analysed. Each 
individual trial was carried out in duplicate. 
Gibberellic acid was a commercial sample. 
For use, 5 mg. was dissolved in 01 ml. 
ethanol and diluted with water to 10 litres. 
In the aerated trials, compressed air was 
bubbled gently (approximately 1 litre in 
5 mm. per bottle) through a manifold 
attached to the bottles. Hydrogen peroxide 
was diluted from a commercial 100-vol. 
sample. Analyses were carried out by the 
Recommended Methods of the Institute of 
Brewing.'° 
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Malts have been prepared in which the moisture requirements of the grain 
before germination are provided by spraying and not steeping. In such grain, 
initiation of germination proceeds normally and rapidly but subsequent modification 
as judged by softening of the endosperm and the formation of enzymes is slower, 
by about 2 days, than in similar grain which has been steeped normally although total 
processing time for the two is very similar. Spraying to a final moisture content 
of at least 46% yields higher hot water extracts than spraying to a conventional 
moisture content of about 44%. The use of 05 p.p.m. gibberellic acid solution 
increases hot water extracts by about I lb. per qr. and reduces the period required for 
modification by I day. It does not appear economical, at present, to prepare malts 
with minimum effluent on the commercial scale in which all the moisture require-
ments are provided by spraying alone. 
INTRODUCTION AND DISCUSSION 
RECENT legislation in Britain makes it 
necessary for industrial effluents, such as 
steep liquors from maltings, to be treated 
before discharge into rivers. The reduction 
of oxidizable material in steep liquors or the 
processing of malt without the formation of 
effluents is thus highly desirable. As long ago 
as 1900 Windisch8 described the production 
of malt on a small scale by sprinkling barley 
on the malting floor using a watering can. 
Only a preliminary washing was given and, 
after spraying, germination was rapid and 
the resulting malt was satisfactory. Other 
references 7 to this type of malt are only 
fragmentary, however, and no detailed study 
has been made of malting by spraying barley 
rather than steeping it. The present work 
was undertaken, therefore, to examine the 
properties of malts prepared by substantially 
effluent-free procedures. In these procedures 
the requisite amount of water or gibberellic 
acid solution was added by spraying, using 
either 75-g. portions of barley in bottles and 
turning by hand or in 30-lb. lots in a vessel 
rotating slowly under conditions similar to 
those normally used in drum maltings. In 
each case either no free liquid resulted or the 
small amounts which in some cases were not 
absorbed quickly were subsequently taken 
up by the corns. Under these conditions the 
grain germinated in the normal manner and 
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although malts having good analytical pro-
perties were obtained, modification was 
slower than in grain Which was steeped. 
The grain responded well to spraying if 
moisture was added either continuously or 
incrementally, namely at 0, 2, 5 and 8 hr. 
over a period of 8 hr. to bring the moisture 
content to 30-35%. The grain was then 
allowed to stand for 16-20 hr. without the 
addition of further moisture until visible 
signs of germination were observed, after 
Which the remaining amount was added over 
a further period of 8 hr. to bring it to the 
required moisture content (see below). The 
air-rest between the two periods of spraying 
appeared to be necessary, even for barleys 
which were not water-sensitive, since if the 
grain remained moist on the surface for too 
long a period, germination of some of the 
corns was impaired. After the air-rest 
period, however, the moisture content of the 
grain could be raised to values above 45%, 
i.e., higher than is normal in conventional 
processes in which the grain is maintained 
under water, without impairing modification. 
Small-scale trials.—Samples of Cambrinus 
and Proctor barley were sprayed to give 
final moisture contents of 40%, and other 
values with increments of 2% moisture up 
to 50%, using the procedure described above. 
After periods of 5, 6 or 7 days' germination at 
65° F. the germinating grain was kilned and 
the malts were analysed. Both varieties 
yielded similar results. The hot water 
extracts of the Proctor samples are shown in 
Table I and reveal that modification is more 
rapid at moisture contents above 45% than 
below it. Gibberellic acid at a concentration 
of 0.5 p.p.m. effected significant increases in 
modification in all moisture levels examined 
(see Table I) but as with water alone, gave 
better modification at moisture contents 
above 45%. In addition to effecting increases 
in hot water extract, gibberellic acid reduced 
the period required for malting since at all 
moisture levels between 40 and 50%, the 
hot water extracts of malts grown 7 days 
Without gibberellic acid were similar to those 
germinated for 6 days after treatment with 
the stimulant (see Table I). 
The hot water extracts of malts prepared 
from the same barleys by a conventional 
process involving 2 days steeping at 13° C. 
(55° F.) in either water or gibberellic acid 
solution followed by germination at 18° C. 
(65° F.) reached their maximum after 5 days 
flooring, being 102.8 and 104 lb. per qr. 
respectively, for the Proctor sample examined. 
These values are close to those obtained by 
the spraying procedure at moisture contents 
above 45% after a total of 7 days (Table I). 
This latter processing time is equal to that 
of the traditional process of 2 days' steeping 
and 5 days' germination. In the spraying 
procedures the times required on the ger-
mination floor are thus increased from 5 days 
in the conventional process to 7 days in the 
spraying procedure. A further feature of 
the spraying procedure is that during ger-
mination at moisture contents above 45%, 
malting losses are higher than in the con-
ventional procedure (see Table I) owing to 
rootlet formation and other causes. Analy-
tical properties such as cold water extract, 
diastatic power and soluble nitrogen of the 
worts from malts sprayed to moisture 
contents above 45% were generally similar 
to those prepared by the conventional process, 
but those whose moisture values were below 
45% appeared to be undermodified as judged 
by their low analytical values for these 
criteria. 
Pilot-scale trials.—These were carried out 
on the 30-lb. scale (see Experimental Section) 
and yielded results which were similar to 
those obtained on the smaller scale (see 
above), except that malting losses were 
between 85 and 9.5% when the moisture 
content during germination was under 45% 
and between 95 and 10.5% when the 
moisture exceeded 45%, and were thus 
higher than those in the corresponding micro-
malting trials (see Table I). 
Brewings carried out in conventional plant 2 
at the Foundation revealed that the beers 
prepared from sprayed malts had mild 
flavours and not harsh ones as was believed 4 ' 
to be the case if steeping were not carried 
out. Generally the malts behaved satis-
factorily during processing. 
Although steep liquors have been shown 4 '5 
to remove germination inhibitors there was 
no indication from the present work that 
they significantly prevent germination in 
grain which had not been steeped normally. 
In all sprayed samples, emergence of rootlets 
and other visible signs of the initiation of 
germination occurred as rapidly as in steeped 
grain. In the subsequent period after root 
emergence, modification in the sprayed grain 
is slower than that in steeped grain as judged 
by the results in Table I and by examination 
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TABLE I 






Final moisture content 
6 
(%) 	.. 	 .. 	 .. 40 42 44 46 48 50 
Hot water extract 
(lb./qr. dry) 	.. 	 .. 947 97.9 97.7 1000 1009 1020 
Hot water extract 
(lb./qr. dry) 	.. 	 .. 968 976 999 1024 1021 101-3 
Cold water extract 
(%) 	.. 	 .. 	 .. 15•8 15•4 177 18•3 17•4 19•3 
7 Diastatic power (° L) 	.. 65 66 65 75 87 78 
Permanently soluble 
nitrogen (mg./100 ml.) 0414 0490 0479 0478 0485 0.522 
Malting loss (%) 	.. 36 38 45 64 80 95 
Rootlet weight (%) 	.. 13 21 2•9 38 37 5•7 
of acrospire growth and of softening of the 
endosperm. The slower modification may 
arise from the presence of substances in the 
sprayed grain which are normally removed by 
steep liquors and which retard modification 
or may be due to other factors. 
EXPERIMENTAL 
Barley samples.—These were commercial 
ones of the 1964 crop. Nitrogen contents 
were between 14 and 1.5%. 
Mailing trials.—On the micro scale these 
were carried out using 75-g. lots in Kali 
bottles using the procedure detailed by 
Kirsop & Pollock.3 A small hand spray 
driven by compressed air was used for 
spraying. 
Gibberellic acid was a commercial sample, 
5-mg. portions being dissolved in 01 ml. 
ethanol and diluted with water to 10 litres. 
A plastic barrel (40 litres capacity) was 
employed in the pilot-scale trials and was 
fitted with a rubber bung through which a 
centrally placed metal tube (j in. diameter) 
extended almost the length of the barrel. 
The tube was sealed at its extremity inside 
the barrel and was perforated at intervals. 
The barley (30 lb.) was turned in the barrel 
at a slow rate (4 r.p.m.) whilst water or 
humidified air was passed through the 
central shaft, the air passing out through 
vents in the rubber bung. The green malts  
were dried in a kiln with a wedge-wire base 
and fitted with facilities for recirculation of 
air. The malts were kilned for 24 hr. at 
65° C. (150° F.) and for 24 hr. at 85° C. 
(186° F.). 
Brewing trials were conducted by the 
standard procedure described by Hall. 2 
Analyses were carried out by the Recom-
mended Methods of the Institute of Brewing 6 
except that of diastatic power which was 
estimated by the method of Ashurst & 
MacWilliam.' 
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SPRAYING AND BY CONVENTIONAL MALTING 
Conventional process 
Total Gibberellic 
Gibberellic acid processing acid 
(0.5 p.p.m.) time (days) Water 05 P.P.M. 
40 42 44 46 48 50 6 days 
(2 steeping 
+4 
97.3 974 1003 1009 102•4 1024 germination) 1000 1028 
99•4 101•7 1017 103•0 1039 1040 1028 1040 
7 days 
163 18'2 203 198 235 234 (2 steeping 17•1 183 
60 68 66 84 87 84 +5 68 85 
germination) 
0436 0487 0499 0.519 0560 0•580 0•520 0640 
3.5 3•8 45 6•5 82 85 5.5 5.7 
1.3 2'0 2•3 3.9 4.4 5•6 24 30 
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RETARDATION OF MODIFICATION AND ENZYME FORMATION 
IN BARLEY ENDOSPERM BY STEEP LIQUORS AND OTHER 
SUBSTANCES 
By C. M. GRIFFITHS AND I. C. MACWILLIAM 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Received 25th August, 1966 
Steep liquors from barley soaked for 6 hr. or longer retard the synthesis of 
amylase stimulated by gibberellic acid in barley endosperm. The liquors from grain 
steeped for only I hr. are less effective. Phenolic acids such as ferulic, p-hydroxy -
benzoic and vanillic acids at concentrations of 100 p.p.m. also delay the induced 
synthesis of enzymes by gibberellic acid. Certain other compounds, including benz-
oxazolone, coumarin and radicinin at various concentrations likewise exert a retard-
ing action on amylase synthesis. 
Steep liquors and phenolic acids at 100 p.p.m. do not interfere significantly with 
the onset of germination in intact barley whether treated with gibberellic acid or 
not. Emergence of the rootlets commences in the normal manner but after 2-3 days 
germination, rootlet growth is less than in untreated samples, and modification, as 
judged from hot water extract and soluble nitrogen, is slower. Benzoxazolone, 
coumarin and radicinin at low concentrations also retard rootlet growth in barley. 
INTRODUCTION AND DISCUSSION 
THE presence of germination inhibitors in 
barley steep liquors has been studied by 
several investigators 10 including Cook & 
Pollock2 who identified vanillic and other 
phenolic acids in fractions from the con-
centrated steep liquors. The steep liquors 
showed inhibitory activity towards both 
barley and turnip seeds and vanillic acid 
itself was found to exert the same effect. 
This work was carried out prior to the wide 
use of gibberellic acid in malting 9 and it is 
important to recall that the effects result 
from comparatively high concentrations of 
steep liquor constituents and assessment of 
inhibition was made on visible germination. 
One of the most readily accessible methods 
of detecting the activity of gibberellic acid is 
to follow the stimulation which it brings 
about in enzyme synthesis in barley endo-
sperm. 9 In the present work the action of 
steep liquors and other growth retardants 
(Table I) on the synthesis of amylase induced 
by gibberellic acid has been examined and it 
has been found that they exert retardation 
of endosperm modification and probably 
interfere in some manner, as yet unknown, 
with the mechanism of enzyme synthesis. 
Besides steep liquors and vanillic acid, 
other phenolic acids (ferulic and p-hydroxy-
benzoic acid) were examined. In addition, 
benzoxazolone, 7 coumarin8 ,' and radi-
cinin5 were selected for investigation, since 
they are known to retard modification and 
rootlet growth in barley and other seeds. 
Without the addition of gibberellic acid, 
none of the substances examined (Table I) 
gave any induction of amylase synthesis. 
However, all caused diminished synthesis of 
the amylase induced by gibberellic acid 
when the activity was measured after 18 hr. 
Steep liquors from grain soaked 6 hr. or 
longer almost completely inhibited the action 
of gibberellic acid whilst that from barley 
immersed for 1 hr. still exerted a marked 
reduction. If the action of the test materials 
was maintained for 40 hr. and the amylase 
activity was then measured, it was then 
found that synthesis of the enzyme had taken 
place and activities were similar to or slightly 
lower than controls with gibberellic acid 
alone. The effect is thus solely an extension 
of the lag period before amylase is detected. 
In no case was complete inhibition of activity 
found. Since the mechanism of induction of 
enzyme synthesis by gibberellic acid has not 
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TABLE I 
ACTION OF STEEP LIQUORS AND OTHER MATERIALS ON THE INDUCTION OF AMYLASE BY GIBBERELLIC ACID  
IN BARLEY ENDOSPERM 
Sugar (mg.)*  formed 
after 18 hr. by action of 
amylases induced by 
05 p.p.m. gibberellic 
Concentration 	acid added to test 
Test material 	 (parts per million) material 
None 	.. 	.. 	. . 	.. 	.. 	. . 	.. 	. . 	Water control 
(without G.A.) 	 15 
None 	.. 	.. 	.. 	.. 	.. 
Steep liquor, 1 hr. soaking of grain at 13° C. 
Steep liquor, 24 hr. soaking at 13° C. 	. 
Steep liquor, 0 hr. soaking at 25° C. .. . 
Vanillic acid 	.. 	 . . 	 .. 	 .. 	 . 
Ferulic acid 	.. 	 .. 	 .. 	 .. 
p-Hydroxybenzoic acid 	.. 	 .. 
Coumarin 	.. 	.. 	.. 	.. 
Radicinin 	.. 	 .. 	 .. 	 .. 
Benzoxazolone .. .. .. .. 
































* For conditions, see text. 
been clearly elucidated, the reason for the 
retardation remains obscure. 
That the retarding action on amylase 
synthesis effected by steep liquors results at 
least in part from the presence of phenolic 
acids is suggested by the activities of vanillic, 
ferulic and p-hydroxybenzoic acid (Table I) 
each of which retards gibberellic acid stimula-
tion at Concentrations of 100 p.p.m. although 
less strongly at lower concentrations. No 
quantitative values are available of the 
concentrations of phenolic acids in steep 
liquors but it is probable that the total 
amount of these substances is sufficient to 
account for a considerable proportion of the 
retarding activity of steep liquors. The 
amount of solid dissolved by the liquors from 
barley increases with time and is very low in 
the first 2 or 3 hr., thus accounting for the 
lower activities shown by the steep liquors 
obtained after only 1 hr. soaking. 
In addition to their retarding action on 
amylase synthesis in barley endosperm, steep 
liquors and the other substances listed in 
Table I, at the concentrations stated, had a 
pronounced action on whole barley when seeds 
were grown in optimum conditions in petri  
dishes. None of the compounds prevented 
the initiation of germination as judged by the 
emergence of the primary roots. During 
the subsequent two days, however, root 
growth was considerably restricted compared 
with that found when water or gibberellic 
acid solution was employed. Grain which 
was steeped for 48 hr. in the test solutions 
with one change of water at 24 hr. also com-
menced to germinate in the normal manner 
but during the following period suffered 
retardation of rootlet growth and modifica-
tion (Table II). 
In the barleys examined, the test materials 
did not interfere with the initial growth of the 
embryo but clearly affected it adversely in 
later stages. Perhaps this is because by 
retarding enzyme formation in the aleurone 
layer, they delay the breakdown of reserve 
materials such as starch and protein and 
thus indirectly restrict the supply of nutrients 
necessary for further growth. The present 
results indicate that the re-use of steep 
liquors either as a spray or for further 
steeping seems likely to delay modification 
and therefore such treatments should be 
used with caution. 
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TABLE II 
INFLUENCE OF FERULIC ACID AND VANILLIC ACID (100 PPM.) ON MALT MODIFICATION 
Gibberellic Ferulic Vanillic 
Days Water acid acid acid 
germination Malt analysis control 0'5 P.P.M. 100 P.P.M. 100 P.P.M. 
3 Hot water extract (lb./qr.) 	.. 976 1018 820 901 
Soluble nitrogen (mg./ml.) .. 0624 0'692 0401 0.461 
Roots (% of initial dry barley) 22 2'2 06 11 
4 Hot water extract (lb./qr.) 	.. 102'6 103'0 943 1017 
Soluble nitrogen (mg./ml.) . . 0630 0666 0532 0•646 
Roots (% of initial dry barley) 	.. 3'0 30 18 25 
EXPERIMENTAL 
Test materials.—Benzoxazolone, coumarin, 
ferulic acid, gibberellic acid, p-hydroxy-
benzoic acid and vanillic acid were com-
mercial samples. Radicinin was a gift from 
Dr. J. F. Grove, Tropical Products Institute, 
Grays Inn Road, London. Compounds 
which were not readily soluble in water were 
dissolved in the minimum of ethanol and 
diluted with cooled, boiled water or with 
gibbereilic acid solution to the required 
concentration. 
Steep liquors were obtained by immersing 
Proctor barley (1 kg.) in water (1.25 litres) 
at 13° C. for the stipulated period. After 
concentration under reduced pressure (rotary 
evaporator) to almost half their original 
volume, boiled water or gibberellic acid 
solutions were added and the liquors diluted 
to their original volume and then Seitz 
filtered. 
Stimulation of c-amylase formation in 
de-embryonated barley.—Barley (variety Cam-
brinus) was dehusked and the half containing 
the embryo excised and discarded.' Ten 
endosperm halves were placed in a sterile 
tube (3 in. x 1 in.) and the test solution 
(2 ml.) was added. The mixtures were main- 
tained at 25° C. for 18 hr. after which water 
(3 ml.) was added and they were then 
heated to 65° C. for 30 mm. After cooling, 
the soluble sugars in the digests were deter-
mined using the AutoAnalyser 3 ; the amounts 
present reflect the formation of amylase 
induced by gibberellic acid. 
Germination tests.—These were carried out 
by the method of Essery, Kirsop & Pollock 4 
using 4 ml. test solution in each petri dish. 
Steeping trials.—These were conducted in 
bottles by the procedure of Kirsop & Pollock. 6 
Acknowledgements.—The authors wish to 
thank Dr. A. H. Cook, F.R.S., for his help 
and encouragement given throughout the 
course of this work. 
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GROWTH OF NORMAL AND ARGININE-REQUIRING STRAINS OF 
SACCHAROMYCES CEREVISIAE ON SELECTED NITROGEN 
COMPOUNDS 
By G. HARRIS, I. C. MACWILLIAM AND N. R. MERRITT 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Received 25th August, 1966 
Two arginine-requi ring mutant yeast strains grew on arginosuccinic acid or 
argininic acid in presence of ammonium sulphate but failed to do so on ornithine, 
citrulline or glycocyamine. The metabolic lesion in these mutants appears to lie 
therefore in the enzyme system involved in completing the guanidino group of 
arginine. Arginine could not be replaced by various peptides containing it. Histi-
clinedepressed growth on arginineof both the deficient yeast and its parentbutgrowth 
was somewhat stimulated by certain other amino acids. To some extent the need 
for all amino acids was met by the use of hexamethylenediamine. 
INTRODUCTION AND DISCUSSION 
EARLIER work2 "0  showed that strains of 
S. cerevisiae as well as other yeasts grew 
better on arginine than on a number of 
derived peptides. Other, mutant, strains 
actively require the addition of arginine to 
the medium if growth is to take place. We 
have, therefore, using two arginine-deficient 
strains and one of the parent yeasts, examined 
the metabolic lesion underlying the need for 
arginine. Attention was paid more to later 
metabolites (I, II and III) in the formation 
of arginine 7 (IV) rather than to earlier 
remote ones.34 These and other available 
arginine derivatives were examined for their 
ability to sustain growth of the yeasts in a 
synthetic medium containing an ammonium 
salt. 
Precursors of arginflie.—L-Ornithine (I) 
and L-citrulhne (II) both failed (Table I) to 
support growth of the mutants although the 
former is an adequate nitrogen source for 
non-deficient strains. 12 ' 14 Arginosuccinic acid 
(III) supported growth of all yeasts although 
one (No. 276, see Table I) exhibited a long 
lag phase. 
Other derivatives of arginine.—Glycocy-
amine (V), possessing the guanidino residue 
but lacking a large part of the carbon 
skeleton of arginine and NB nitroarginine 
(VI) having the carbon skeleton but the 
guanidino grouping of arginine blocked, failed 
to provide a substitute for arginine itself. 
Argininic acid (VII), having the a-amino 
group of arginine replaced by hydroxyl, 
functioned as a substrate for slow growth of 





NH2 COOH 	 NH, 
C: N.CH.CH2.COOH C NH 
IH 	 IH COOH 
- [H2] 3 	 [H2]3  + H: CH.COOH 
CH.COOH 	 CH.COOH 
NH2 	 NH2 
Arginosuccinic 	 Arginine 	Fumaric 
acid (III) (IV) acid 
NH, COOH 
O H2N.Ch.CH2.COOH 
NH, 	 H Aspartic acid 
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N112 
 
NH, N112 N112 NH2 
L :NH :N.NO2 :NH :NH C: NH 
I!lH NH 1STH 
CH2.COOH [CH2]3 [CH2] 3 [CH2] 3 [CH2]3 
CH.COOH CH.COOH O.COOH OOH 
NH2 OH 
Glycocyamine NE-Nitro- Argininic x-Oxo-- y-Guanidino 
(V) arginine acid guanidino butyric acid 
(VI) (VII) valeric acid (IX) 
(VIII) 
TABLE I 
GROWTH OF YEAST STRAINS ON VARIOUS NITROGEN SOURCES 
Cell counts (million cells/mi.) at times stated (hr.) 
N.C.Y.C. 262 N.C.Y.C. 276 N.C.Y.C. 265 
Nitrogen source 18-5 215 24 40 60 185 21-5 24 40 60 185 215 24 40 60 































L-arginosuccinic acid (III) 	.. 0-02 009 0-14 0-79 166 0-02 0-02 0-02 0-04 087 002 0-04 0-10 0-71 1-84 
L-arginine (IV) 	....... 
L-Ornithine (I) . .......






























L-citrulline (II) 	....... 
002 0-02 0-10 0-69 1-52 0-02 0-02 0-02 0-02 0-02 0-02 0-02 004 027 0-61 
N-nitro-L-arginine (VT) 	..... 
L-arginyl-L-aianine (VIII) 	.. 0-02 0-08 0-14 0-77 1-81 0-02 0-02 0-02 0-02 0-02 0-02 0-02 0-02 002 0-02 
L-argininiC acid (VII) ..... 
L-alanyl-L-arginine (IX 	..... 002 0-08 0-13 0-74 1-67 0-02 0-02 002 0-02 0-02 0-02 0-02 0-02 0-02 0-02 
one strain, the final level being 40% of that 
on arginine itself (see Table I). This observa-
tion is of interest as it suggests the hitherto 
unrecognized presence in the yeast cell of 
enzymes capable of replacing the hydroxyl 
group in argininic acid by an amino group. 
The finding that arginosuccinic acid among 
likely intermediates is the only one capable 
of replacing arginine itself must mean that 
the mutants lack at least the enzyme 
systems5 "3 which complete the formation of 
arginosuccinic acid from citrulline and 
aspartic acid. 
It became clear during the course of this 
work that the mere presence of arginine or of 
arginosuccinic acid was nevertheless not the 
only metabolic factor controlling its effect. 
Thus, when the arginine-containing medium 
was further supplemented by other individual 
common amino acids, the supplements usually 
failed to have any significant effect on the 
uptake of arginine. Aspartic acid, however, 
stimulated growth of a parent yeast and of its 
mutant while lysine and alanine (Table II) 
also afforded greater multiplication of the 
mutant yeast and of the parent. On the 
TABLE II 
GROWTH OF PARENT AND MUTANT STRAINS ON AMINO ACID MIXTURES 
Cell counts (million cells/nil.) at times stated (hr.) 
N.C.Y.C. 262 N.C.Y.C. 276 
Nitrogen source 18-5 21-5 24 40 60 18-5 1 	21-5 24 40 60 
1-arginine (0-2%) 	......... 
L-arginine (0 - 1%) ......... 
L-arginine (01%) + L.histidine (01%) 
L.arginine (0-1%) + L-lysine (0-1%) 
L.arginine (0-1%) + L-alanine (0-1%) 
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other hand, histidine depressed the growth 
of all the strains though whether this was due 
to an effect on the metabolism of the amino 
acid pool or merely upon the transport 
mechanism enabling arginine to gain entry 
into the cell was not ascertained. 
NH 2 
[CH 2] 6 
NH 2 
(X) 
In the latter connection it is known that 
the absorption of basic amino acids by 
certain bacteria is inhibited by aliphatic 
diamines1' and it was anticipated therefore 
that the effect of hexamethylene diamine (X) 
on the present strains of yeast would be to 
off-set the action of arginine. However, at 
low concentrations of diamine, so far from 
inhibition being observed, the growth of 
parent and mutants always ultimately ex-
ceeded that on arginine alone (see Table III). 
Indeed, hexamethylene diamine served to a 
limited extent as the sole source of nitrogen 
for the parent strain although it was unable 
to do so for the mutants. Repeated culture 
of the strains in the synthetic medium con-
taining 0.1% each of the diamine and arginine 
always gave the same growth pattern (see 
Table III) thus indicating the presence in 
yeast of a mono- or diamine oxidase and ruled 
out the possibility of slow adaptive formation 
of an enzyme degrading hexamethylenedi-
amine. 
EXPERIMENTAL 
Organisms—The three strains of Saccharo-
myces cerevisiae were: an arginine-requiring 
mutant (N.C.Y.C. No. 276), the parent normal 
strain (No. 262) and a second mutant (No. 
265) from a strain no longer available. All 
had been maintained for several years as  
stock cultures in malt extract-yeast extract-
glucose-peptone (MYGP) medium,15 being 
sub-cultured and grown for 3 days at 6-
monthly intervals. The mutants had main-
tained their requirements for arginine under 
these conditions. Initial cultures were 
obtained by growing the various strains for 
48 hr. in MYGP medium (10 ml.) at 25° C. 
with shaking. The cells were centrifuged 
from the medium, washed aseptically with 
water three times and resuspended in sterile 
water (10 ml.). This suspension was used to 
inoculate Wickerham's synthetic medium 
("carbon assimilation") containing the test 
compound. 
Test compounds examined.—L-citrulline, 
L-ornithine, L-arginine and other common 
amino acids used were commercial samples. 
Glycocyamine was prepared from thiourea' 
and before use was recrystallized from water. 
Arginosuccinic acid was generated' 3 as 
required from the barium salt, a gift of which 
by Dr. S. Ratner of the Public Health 
Research Institute of the City of New York, 
Inc., is gratefully acknowledged. 
L-Argininic acid was prepared 6 from L-
arginine. Electrophoresis of a sample in 
acetate buffer solution at pH 40 revealed 
no trace of arginine in the material. 
N-Nitro-L-arginine, L-arginyl-L-alanine and 
L-alanyl-L-argmine were prepared as de-
scribed earlier.8 , 
Hexamethylenediamine before use was 
dissolved in water to give a concentrated 
solution, decolorized by means of active 
charcoal and precipitated by means of acetone. 
The dried precipitate was stored in vacuo 
over phosphorus pentoxide. 
Growth tests.—The test compounds were 
dissolved in the medium in 1% concentration, 
and the solution was sterilized by Seitz 
filtration and dispensed in 10-ml. quantities 
in sterile tubes. An inoculum (wire-loop) 
of the yeast in sterile water was added (see 
TABLE III 
GROWTH OF YEASTS ON HEXAMETHYLENEDIAMINE 
Cell counts (million cells/mi.) at times stated (hr.) 
N.C.Y.C. 262 N.C.Y.C. 276 N.C.Y.C. 265 
Nitrogen source 18-5 215 24 
40 
60 18-5 215 24 40 60 185 21-5 24 40 60 
0-1% arginine 	.... . 	0-02 012 0-16 0-92 2-24 0-02 0-12 0-16 1-09 2-58 0-02 0-13 0-17 1-11 2-74 
0-1% arginine + 
0-1% hexamethylenediamine .. 002 012 017 1-00 2-51 0-02 0-13 018 147 2-89 0-02 0-13 0-19 1-22 2-97 
0-1% hexamethylenediamine 	.. 0-02 0-02 0-04 0-14 0-57 0-02 0-02 0-02 0-02 0-02 0-02 0-02 0-02 0-02 0-02 
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above) and the tubes shaken (3-cm. ampli-
tude, 80 cycles/mm.) at 25° C. Growth of 
the yeast was followed by measurement of 
the turbidity in the Spekker absorptiometer. 
All densities are expressed in millions of cells 
per ml. as ascertained from calibration 
curves. 
Growth inhibition experiments.—(i) With 
amino acids.—Yeast strains 262 and 276 
were grown in the synthetic medium con-
taining arginine (0.1%) and other amino 
acids as required at the equivalent concen-
tration of a-amino nitrogen. 
(ii) With hexamethylenediamine.—The 
arginine-requiring mutants 265 and 276 and 
the parent 262 were grown in the synthetic 
medium containing hexamethylenediamine 
with or without arginine (both at 0.1% final 
concentration). 
Attempts to adapt the arginine-requiring 
strains were made by harvesting them after 
growth for 30 hr., at which point growth 
was being stimulated, washing them and 
resuspending in water to inoculate fresh 
media containing either arginine or arginine 
+ the diamine. 
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COMPARATIVE EFFECT OF GIBBERELLINS AND THEIR DERIVATIVES 
ON GERMINATION AND MALTING OF BARLEY 
By C. M. GRIFFITHS, I. C. MACWILLIAM AND T. REYNOLDS 
(Brewing Industry Research Foundation, Nutfield, Surrey) 
Received 4th August, 1966 
At various concentrations including 0.5 parts per million, gibberellins A1, A., and 
A7 stimulate the germination of dormant and mature barley in a similar manner to 
that brought about by gibberellin A 3 (gibberellic acid). Gibberellins A5, A8 and A9 
together with the derivatives of gibberellin A3, gibberellenic acid and allogibberic 
acid also show some stimulatory activity but less than that of gibberellic acid; 
epiallogibberic acid and gibberic acid are inactive. The individual gibberellins and 
some of the derivatives induce enzyme synthesis in the endosperm. Gibberellins 
A,, A., and A7 exhibit a similar action to that of gibberellic acid whilst the other 
compounds show lower activity in the following decreasing order: gibberellenic 
acid >gibberellin A>allogibberic acid >gibberel un A5> gibberel un A,>gibberic 
and epiallogibberic acids, which are inactive. In malting trials in which the com-
pounds were dissolved in the steep liquors at a concentration of 05 p.p.m. the malts 
prepared using gibberellins A, and A7 were generally similar to those obtained with 
gibberellic acid having usually greater hot water extracts, soluble nitrogens, diastatic 
powers and colours than those prepared using water alone. Gibberellenic acid also 
gave increases in these values but the other derivatives did not induce significant 
differences. 
INTRODUCTION AND DISCUSSION 	fungus, Gibberella fujikuroi, which have 
GIBBERELLIN A 3 (gibberellic acid, I) is one growth-regulating activity on plants. The 
of a series of compounds produced by the strains of the fungus selected for commercial 
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production of growth-regulating compounds 
yield principally gibberellin A 3, and this 
compound has been employed predominantly 
in malting and in research work on germina-
tion and enzyme synthesis in barley (see 
reviews' ,9). However, small amounts of the 
other gibberellins can be isolated from the 
culture fluids after growth of the fungus or 
from certain plants. 9 Through the kindness 
of Professor P. W. Brian, F.R.S., University 
of Glasgow and Dr. J. MacMillan of Imperial 
Chemical Industries, Ltd., small samples of 
pure gibberellins A1 (II), A4 (III), A5 (IV), 
A7 (V), A8 (VI) and A 9 (VII) together with 
the derivatives of gibberellic acid, gibber-
ellenic acid (VIII), allogibberic acid (IX), 
epiallogibberic acid (X) and gibberic acid 
(XI), were made available and the relative 
effects of these compounds on barley have 
been compared with that of gibberellic acid 
on whole grain in germination tests, in 
isolated endosperm in vitro and, for certain of 
the compounds, in malting trials. Results, 
some of which have been presented earlier in 
preliminary form, 4 have revealed that gibber-
ellins A1, A4 and A 7 have activities of the 
same order as gibberellic acid whilst the 
other gibberellins and the derivatives of 
gibberellic acid have lower activities. 
Germination tests.—Both mature and dor-
mant barleys were examined in the germina-
tive energy (4 ml.) test of Essery, Kirsop and 
Pollock3 with the test compounds dissolved 
at concentrations of 05 or 20 p.p.m. With 
mature grain, counts of the number of corns 
showing visible signs of germination were 
made after 48 hr. whilst with dormant 
material counts were made after the normal 
72-hr. period. Results (Table I) revealed 
that the gibberellins varied considerably in 
their ability to stimulate the germination of 
both dormant and mature barleys. Use of 
the higher concentration of the stimulant 
(Table I) did not afford any marked increase 
in the effect and suggested that there is no 
close relationship between dose and degree 
of stimulation with the various gibberellins 
at the concentrations examined. Of the 
derivatives of gibberellic acid (Table I), 
gibberellenic and allogibberic acids showed 
stimulatory activity, whilst the other two 
appeared inactive. From the results listed 
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TABLE I 
COMPARATIVE ACTIVITY OF GIBBERELLINS AND THEIR DERIVATIVES ON THE GERMINATION OF BARLEY 
Mature barley 	 Dormant barley 
% Germination after 48 hr. 	 % Germination after 72 hr. 
Proctor 	I 	 Cambrinus 	Mans Concord 1 	I Mans Concord 2 
Test compound 	10-5 p.p.m. 20 ppm. 10-5 ppm. 12-0 ppm. 11 0-5 ppm. 12-0 ppm. 05 p.p.m. 12-0 P.P.M. 
Gibberellin A, ........ 90 95 76 85 66 74 76 84 
84 88 73 80 48 60 55 67 
89 92 72 83 60 66 63 75 
83 83 70 74 47 52 50 55 
A, 	....... 
91 95 68 83 62 71 70 80 
92 94 73 78 47 54 51 62 
.. 82 82 67 70 41 47 46 50 
A, ....... 
A, 	....... 
Gibberellec acid ni 87 90 72 76 44 49 52 58 
A, ....... 
A, 	....... 
Ailogibberic acid 87 88 73 77 40 44 53 56 
A. .... 
Epiallogibberic acid 70 70 59 62 35 32 40 40 
69 66 58 60 37 35 37 42 Gibberic acid 	....... 
11,0 (control) ....... 72 72 63 63 38 38 42 42 
in Table I, gibberellin A 1 has produced the 
largest stimulation in all cases and the 
relative order of activity is expressed as 
follows: A 1 > A7 > A 4> A3 > A8 > gibberellenic 
acid > A5 > allogibberic acid> A 9 > 
epiallogibberic and gibberic acids (inactive). 
The relationship between structure and 
activity in these compounds is discussed below. 
Effect on isolated endosperm.—In the 
germination tests, the effects observed reflect 
the combined stimulation of the gibberellins 
on embryo and endosperm. The principal 
site of stimulation, however, lies in the latter 
and particularly in the aleurone layer, and 
the effects on it can readily be found by 
using grain which has been dehusked and 
freed of the embryo. Treatment of endo-
sperm portions with the different gibberellins 
followed by estimation of the amylase 
activity present in the digests shows (Fig. 1) 
that gibberellins Al, A4 and A7 give a stimula-
tion which is quantitatively very similar to 
that induced by gibberellic acid. The other 
gibberellins give markedly lower values 
whilst of the derivatives of gibberellic acid, 
gibberellenic acid produces a greater syn-
thesis of amylase than gibberellins A 5, A8 
and A9. Allogibberic acid effects an appre-
ciable stimulation whilst epiallogibberic and 
gibberic acids are inactive. The relative 
activities of the test compounds in inducing 
enzyme synthesis in the endosperm (Fig. 1) 
are generally similar to those found in the 
germination studies (Table I) in that gibber-
ellins Al, A4 and A7 are comparable to 
gibberellic acid in their activities and are 
more highly active than gibberellins A 5, A8 , 
A9 and the derivatives of gibberellic acid. 
There are minor differences in that gibber- 
elms A1 and A7 give an appreciably greater 
stimulation in the germination test than does 
gibberellic acid but they give a similar 
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Fig. 	1.—Reducing 	sugar 	released from 	barley 
endosperm as a reflection of enzyme synthesis 
produced 	by 	different 	concentrations of 
gibberellins and their derivatives. 
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Coombe & Nicholls 8 have also compared the 
relative activities of different gibberellins on 
barley endosperm and their results are 
generally similar to those found above. 
Matting trials.—Small-scale trials were 
carried out using two different barleys with 
A1, A3, A7 and three other derivatives 
(Table II). Analyses of the malts (Table II) 
generally confirmed the results of the 
germination and endosperm tests in that 
gibberellins A1 and A7 gave increases in hot 
water extract, soluble nitrogen and diastatic 
power similar to that of gibberellin A 3 . 
Gibberellenic acid gave increases in these 
values whilst gibberic and allogibberic acids 
did not. Both gibberellins A 1 and A7 effected 
greater increases in hot water extract (ca 
2-3 lb./qr.—see Table II) in the Proctor 
barley employed compared with the water 
control than in the Cambrinus sample 
(1-2 lb.). This confirms and supplements 
earlier findings 5 that barley varieties vary in 
their response to gibberellic acid and other 
stimulants. 
As far as could be judged from the limited 
amount of material available, the malts 
prepared using gibberellins A1 and A7 were 
similar to those obtained using gibberellin 
A3 and it thus appears that these two with 
perhaps also gibberellin A 4 could replace 
gibberellin A3 if they were available com-
mercially although there appears to be no 
additional advantage in their use. 
Relative activity and chemical structure.—
There are only minor differences in structure 
between the seven gibberellins (I-Vu) 
examined yet their action on barley varies 
considerably. For example, A 9 (VII) is 
much less active than the others yet the 
addition of a hydroxyl group at certain 
positions on its structure yields A 1 (II) or A4 
(III) which have greatly enhanced activity. 
All the gibberellins possess the lactone bridge 
across ring A (see I) and this grouping was 
originally considered necessary for stimula-
tory activity but the present results suggest 
that this is not so since both gibberellenic 
(VIII) and allogibberic (IX) acids lack this 
bridge but still exert activity, at least on 
barley. From the present results, it is 
impossible to make any correlations between 
structure and activity. 
EXPERIMENTAL 
Barley samples.—The Proctor and Cam-
brinus barleys were commercial samples,  
with nitrogen contents of 148 and 1.42% 
respectively, and germinative energies and 
capacities of 98%. The Mans Concord 
samples were taken from the National 
Institute of Agricultural Botany trials grown 
near Edinburgh in 1964. 
Test compounds were shown to be pure 
after inspection by thin layer chromato-
graphy by the method of MacMillan & 
Suter.' In all tests, a small amount (ca. 
1 mg.) of the solid was weighed accurately by 
microbalance, dissolved in ethanol (0.1 ml.) 
and diluted with water to give the required 
concentration. 
Germination tests.—Results (Table I) are 
the average of three tests 3 carried out with 
100 seeds in petri dishes. 
Endosperm tests.—Proctor barley was used 
and approximately equal weights of 10 
dehusked endosperm halves of grain were 
treated with the test solutions (2 ml.) in 
sterile tubes plugged with cotton wool. The 
tubes were maintained at 25° C. for 18 hr. 
after which water (3 ml.) was added; they 
were then heated to 65° C. for 30 mm. After 
cooling, the soluble sugars in the digests were 
determined using the Autoanalyser. 2 Results 
(Fig. I) are averages of three determinations. 
Matting trials.—These were carried out by 
the method described by Kirsop & Pollock. 6 
Three samples of 75 g. of barley were malted 
in separate bottles, kilned and then combined 
and screened. Analyses were performed 
according to the recommended methods of 
the Institute of Brewing. 10 
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TABLE II 
ANALYSES OF MALTS PREPARED USING TEST COMPOUNDS IN STEEP LIQUORS 
Test compound (0.5 ppm.) 
Germination 
Water Gibberic Allogibberic Gibberellenic Gibbercilin time Barley 
(days) variety Malt analyses (control) acid acid acid A1 	A3 	A 7 
4 Proctor Hot water extract (lb./qr.) . . 997 958 998 1031 1023 1032 1020 
Cold water extract (%) 	. . 153 122 15'4 171 168 162 185 
Diastatic power (0  L.) . . 55 52 60 75 71 74 71 
Permanently soluble nitrogen 
(mg./100 ml.) 	.. 	 .. 0.539 0527 0564 0641 0623 0631 0628 
Colour (E.B.C. units) . . 25 25 25 25 25 25 25 
Malting loss (%) 	. . 	 . . 71 68 74 7.3 77 76 77 
5 Proctor Hot water extract (lb./qr.) .. 1018 989 1017 104'3 1041 1038 1040 
Cold water extract (%) 	. . 163 156 180 179 191 19'2 189 
Diastatic power (0  L.) .. 63 66 65 68 65 69 70 
Permanently soluble nitrogen 
(mg./100 ml.) 	.. 	 .. 0593 0578 0598 0626 0644 0635 0.632 
Colour (E.B.C. units) . . 25 25 25 35 4 4 3.5 
Malting loss (%) 	. . 	 .. 80 77 86 86 86 86 8•5 
5 Cambrinus Hot water extract (lb./qr.) .. 985 973 99•0 97.9 99'5 100'9 996 
Cold water extract (%) 	. . 17'6 165 164 173 18'3 182 187 
Diastatic power (0  L.) .. 45 45 43 43 45 54 46 
Permanently soluble nitrogen 
(mg./100 ml.) 	.. 	 .. 0'535 0497 0532 0508 0551 0'584 0'563 
Colour (E.B.C. units) . . 3 3 25 2'5 35 3 3 
Malting loss 	.. 	 .. 	 . . 66 64 6'9 70 7'0 69 71 
6 Cambrinus Hot water extract (lb./qr.) .. 1003 1009 1002 1007 1019 1020 1012 
Cold water extract (%) 	. . 175 161 170 17•7 195 185 183 
Diastatic power (0  L.) .. 48 48 48 52 53 52 41 
Permanently soluble nitrogen 
(mg./100 ml.) 	.. 	 .. 0520 0536 0528 0540 0583 0595 0574 
Colour (E.B.C. units) . . 3 3 3 2 3 3 2'5 
Malting loss (%) 	. . 	 . . 75 72 76 78 81 82 8•1 
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WORT COMPOSITION—A REVIEW 
By I. C. MACWILLIAM 
(Brewing Industry Research Foundation, NutJield, Surrey) 
To provide a detailed picture of wort composition, values for the concentration of 
individual compounds present in wort have been collated. Information on the 
compounds is grouped into sections covering total solids, carbohydrates, nitrogenous 
substances, hop substances, lipids, tannins, sulphur compounds, dissolved oxygen, 
phosphates, inorganic constituents and other substances. Wherever possible, the 
effects of variation of grist composition - and of mashing and boiling conditions on wort 
composition are given. Brief notes on the fate of individual constituents during 
fermentation are also included. 
INTRODUCTION 
NEW processes and raw materials are being 
proposed to an increasing extent for applica- 
tion in the mashing phase of brewing. 
Although these may bring economies in cost 
and labour, uncertainty exists in many 
brewers' minds whether the worts obtained by 
the new processes are similar to those 
provided by their traditional procedures or 
not. Brewers realize that small differences 
in wort composition can exercise significant 
effects on the flavour of the resulting beer. 
However, there are too many individual 
constituents in wort for any one investigator 
or even any one laboratory to carry out 
detailed analysis of them all in various worts. 
To help meet this difficulty, the present 
review provides information drawn from the 
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literature on a large number of groups of 
compounds present in wort, listing the Con-
centrations of the individual components 
wherever possible. The information has 
been derived from a wide variety of worts 
prepared from a variety of raw materials 
under varying conditions of mashing. In 
the Tables giving details of the wort con-
stituents, information of the source and type 
of wort is also provided. In certain cases, 
the effects of processing on wort composition, 
such as the effect of cereal adjuncts or 
alterations in the hop rate, are included, so 
that some indication of their influence may 
be made. The significance of individual wort 
components in fermentation is also outlined 
wherever possible. 
To keep this review as concise as possible 
only constituents of finished hopped worts 
are considered. These are grouped together 
in the following sections: 
Total solids. 
Carbohydrates. 
Nitrogenous materials comprising: (a) 
Total nitrogen, (b) Proteins, (c) Pep-
tides, (ci) Amino acids, (e) Ammonia 
and amines, (f) Purines and pyrimi-
dines, (g) Vitamins including inositol. 
Hop constituents comprising (a) Iso-
compounds and (b) Hop oil. 
Lipids, fatty and organic acids. 
Tannins and anthocyanogens. 
Sulphur compounds. 
Dissolved oxygen and air 
Phosphates. 
Inorganic constituents other than 
sulphur and phosphates. 
Other components. 
1. TOTAL SOLIDS 
These have been estimatedm in hopped 
worts ranging in gravity from 6 to 710  and 
are shown in Fig. 1. Values for light ale and 
a heavily hopped beer have also been ob-
tained.32 
2. CARBOHYDRATES 
Carbohydrates account for 90-92% of the 
wort solids. Chromatographic methods, 
developed since 1950, have provided detailed 
analysis of major and minor constituents. 
Microbiological methods, 8 1119 1122 employing 
yeasts such as Saccharomyces uvarum, Sacch. 
carlsbergensis and Sacch. diastaticus, have 
also been used to assess wort composition 
but these generally express the individual  
sugars as percentages of the total carbo-
hydrate and do not provide the actual 
concentration of sugar in the wort. The 
major carbohydrate components of wort are 
the hexoses, glucose and fructose, the 
disaccharides, maltose and sucrose, the tn-
saccharide, maltotriose and a group of linear 
and perhaps also branched polymers of 
glucose containing 4 or more units. Brewer's 
yeast utilizes the sugars up to the tn-
saccharide but does not appear to ferment 
tetrasacchanides or large polymers, which 
are described collectively as the unferment-










5 	 10 
Wort concentration 
Fig. 1. 
Analyses of the carbohydrate components 
of worts from various sources are shown in 
Table I. Although the concentrations of 
the worts are expressed in this Table in 
different scales, e.g., 0 P. or S.G., these can 
readily be interconnected by reference to 
Fig. 1 so that comparisons can be made. 
Since sugars up to and including malto-
triose are fermentable, 38 the proportion of 
these fermentable sugars with respect to the 
total carbohydrate gives a measure of the 
theoretical fermentability of the wort. The 
results in Table I indicate that typical 
brewery worts have fenrnentabilities of 
70-80%. The final value obtained depends 
on the enzymic power of the malt and on the 
method of mashing. When high amounts 
of cereal adjuncts are used with malts of 
normal diastatic power, fermentabilities gen-
erally fall below 70%. On the other hand, 
when kilned malts of high enzymic power or 
green malts are employed, fermentabilities 
exceed 80% (see Table II). Lowering of 
the mashing temperature by 50  F. from the 
normal temperature of 150° F. increases the 
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TABLE I 
CARBOHYDRATE COMPOSITION OF WORTS (RESULTS EXPRESSED AS G.1100 ML. WORT) 
Danish"" Canadian" Canadiane Canadian" German" British" British" 
Type of wort Lager Lager Lager Grain lager Lager Pale ale Pale ale 
Origin (and ref.) 	...... 
Concentration 107° P. 1232° P. 11•9° P. 1155° P. 12° P. S.G. 1040 S.G. 1040 
SUGAR 
Fructose.......021 015 013 010 039 033 097 
091 103 087 050 1•47 100 
023 042 035 010 046 053 060 
524 604 557 550 578 389 391 
128 
. 
177 166 130 146 114 130 
Glucose 	........ 
Sucrose ........ 
Total term. sugar 787 941 858 750 056 689 678 
Maltotetraose 026 072 054 127 020 053 
Maltose 	........ 
Higher sugars 2.13* 268 252 294 232 195 
Maltotriose 	........ 
Total dextrins 239 340 306 421 252 248 
Total sugars ...... 1026 1281 1164 1171 041 026 
Sugars (% total extract) 	.. 911 
Fermentabillty 	..... 767 
. 
73.7 73•7 641 733 732 
* The contents of maltopentaose, maltohexaose and xnaltoheptaose in this wort were 013, 019 and 018 g./100 ml. respectively 
fermentability by 2-3%, whereas increasing 
the temperature by 50  F. decreases the fer-
mentability by 2-3% (see Table II). 
The theoretical attenuation is seldom 
achieved during fermentation and most beers 
are found to contain maltotriose and fre-
quently small amounts of maltose. 
The chromatographic techniques used to 
separate wort sugars have revealed that, in 
addition to the major components listed in 
Tables I and II, other sugars occur in low 
concentration. Free pentoses 4l including 
xylose (1.5 mg./100 ml.), arabinose (1.4 mg./ 
100 ml.) and ribose (0.2 mg./100 ml.) are  
present in all-malt British ale worts of 
S.G. 1040 at the concentrations indicated. 
These sugars have also been detected in other 
types of wort. 1,36 ' 82"03 ' 104 ' 109  The disacchar-
ides, nigerose, maltulose and isomaltose, 76"05 
and the trisaccharide, glucodifructose, 39 prob-
ably a mixture of 1- and 6-kestoses, are also 
present in wort at concentrations less than 
0.2 g./100 ml. In the Danish lager wort 
listed in Table I, 008 g.1100 ml. isomaltose 
was found. 35  
Dextrin fraction.—This is a complex mix-
ture of polymers mostly derived from starch. 
Since the mixture generally gives no colour 
TABLE II 
CARBOHYDRATE COMPOSITION OF WORTS PREPARED USING DIFFERENT GRISTS AND AT DIFFERENT 
TEMPERATURES OF MA5HIN&' 16 . 45 



















Sugar 	 150 
	
Glucose + fructose . . 	1•81 
Sucrose 	.. 	.. 022 
Maltose .. .. 	480 
Maltotriose .. .. 1-47 
Dextrins 	.. 	.. 	1-34 
Total .. .. .. 964 
Fermentable sugar % 
of total 	.. 	.. 	861 
Total sugar as glucose 10-11 




50% 25% 	100% 
wheat 	wheat kilned 
flour flour 	malt 
Temperature of mashing, 0  F. 
150 	150 	150 
077 	074 	098 
022 031 040 
392 	407 	4I9 
172 1•76 1.55 
286 	2•47 	224 
9.49 935 9•36 
698 	736 	76I 
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(or only a weak colour) with iodine solution, 
most of the high-molecular-weight poly-
saccharides, amylose and amylopectin, of 
starch have been degraded by the amylases 
in the mash tun to simpler polymers. In 
British ale worts, 4' about 05 g./100 ml. of the 
total carbohydrates or 20% of the dextrin 
content had a chain length of over 20 units 
(MW, over 3000) and contained pentosan 
components as well as glucosan. The re-
maining 80% of the dextrin fraction con-
sisted mostly of glucose-containing polymers 
ranging in size from 4-20 units. An example 
of the concentration of the polymers up to 
7 units in length is given by the results in 
Table I. Small amounts of fructose-con-
taining sugars are present in the dextrin 
fraction. It is generally assumed, although 
there is no rigorous proof of this point, that 
the dextrin fraction is unchanged during 
normal fermentation. 
3. NITROGENOUS MATERIALS 
Total nitrogen.—The concentration of nitro-
genous material in wort is significantly 
influenced by the grist composition, including 
the nitrogen content of the malt used and 
the method of mashing and by hop boiling 
conditions. The total nitrogen content of a 
selected range of worts prepared under 
different conditions is given in Table III. 
Results show that worts of specific gravity 
1040 contain 70-75 mg. N1100 ml. which, if 
most of the material were protein, would 
give an actual weight of solid of 04-05 g., 
100 ml. On reference to Fig. 1, this indi-
cates that the nitrogenous material of the 
wort represents 4-5% of the total solids. 
The nitrogenous material is a mixture of a 
great number of compounds ranging from 
ammonia, simple amines such as methylamine 
and ethylamine, the naturally-occurring 
amino acids and a series of derivatives of 
TABLE III 





wort Grist composition Ref. 
Total 
nitrogen 
mg. N1100 ml. 
Amino acid 
nitrogen 
mg. N1I00 ml. 
Swedish .. Lager 12° P. All-malt 93 848 380t 
American Lager All-malt. 	No GA 91 630 150t 
N = 153 
All-malt. 	GA 91 71-0 18'Ot 
N = 153 treated 
All-malt. 	No GA 91 720 17-Of 
N = 185 
All-malt. 	GA 91 88'0 21'0 
N = 185 treated 
Canadian ,, 119° P. All-malt 67 1030 31.4* 
11550 P. 50% grain 67 llO'O 29.5* 
(*formol N) 
German .. ,, 120 P. All-malt 94 1089 
85% malt, 15% rice 94 901 
75% malt, 25% rice 94 87'2 
85% malt, 15% maize 94 848 
75% malt, 25% maize 94 90'1 
Czech 	.. Continuous 11° P. All-malt 83 1019 
decoction 
Irish 	.. Ale S.G. 1055 Green malt 29 850 
British 	.. Ale S.G. 10394 Green malt 16 90-102 38-42 
S.G. 1044 50% green malt 16 85-90 30-35 
50% wheat flour 
S.G. 1040 100% malt 49 90-95 20-25 
S.G. 1040 75% malt, 25% barley 49 70-73 15-20 
S.G. 1040 75% malt, 25% wheat 7 72-82 15-20 
S.G. 1040 50% malt, 50% wheat 7 65-70 13-18 
German .. Lager 12° P. 100% malt 60 1023 
78% malt, 22% flakes 60 84 
For amino acid content of these worts see Table VIII. GA  = Gibberellic acid. 
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amino acids from simple peptides to com-
plex proteins. Other Components including 
purines and vitamins are also present. 
Owing to the complexity of the nitrogenous 
material, progress in separating and estima-
ting the individual Components was slow 
until the development of chromatographic 
techniques. Prior to the use of these, the 
distribution of nitrogenous material in wort 
was assessed by estimating the amino acid 
nitrogen by formol titration or other methods 
and the more complex material, particularly 
the proteins, by precipitation with different 
reagents. One of the most widely used 
schemes of assessment is that of Lundin & 
Schr6derheim 73 which uses tannin followed 
by ammonium molybdate solution to pre-
cipitate respectively material of intermediate 
complexity and high molecular weight pro-
tein. The nitrogenous substances not pre-
cipitated comprise the amino acids, peptides, 
vitamins, purines and amines (see below). 
The nitrogen content of the malt and 
adjuncts used and the different mashing and 
hop boiling conditions employed, all affect 
the nitrogen content of the wort. The 
volume of results published on this topic is 
too great and too widespread to be sum- 
marized concisely so only a few selected 
examples are given to illustrate the effects 
of different conditions on the nitrogenous 
constituents occurring in wort (Tables IV 
and V). 
Proteins.—As outlined in the preceding 
section, estimates of the protein content of 
wort can be obtained by precipitating them 
with reagents such as tannin and ammonium 
molybdate as used in the Lundin fractiona-
tion scheme. Other substances have been 
proposed for this purpose and are listed in 
Table VI. Although these various pre-
cipitants bring different amounts of material 
from solution, the average value is about 
25% which represents proteins of molecular 
weight greater than 3000. This group 
contains the proteins affecting head formation 
and those responsible for haze production. 
New techniques such as fractionation on 
columns of Sephadex gels are providing a 
more detailed picture of the distribution of 
proteins present in wort than was possible 
hitherto. An example" of the use of 
Sephadex gels in this work reveals that 
British pale ale worts contain 16-18% of 
their nitrogenous material as protein of 
molecular weight exceeding 4000 (Table VII). 
TABLE IV 
EFFECT OF MALT AND MASHING CONDITIONS ON NITROGENOUS CONSTITUENTS OF WORT 
(for conditions see ref. 102)  (all values are mg. N1100 ml. wort) 
High temp. 
% Protein % N Hartong 1-mash 2-mash short stand 
of malt of malt number Modification method method method 
8.4 1-34 77 Over-modified Total nitrogen 953 928 881 
Lundin A 160 144 170 
Fraction B 144 158 125 
C 69•6 698 70.5 
Formol N 320 350 364 
91 146 5•6 Normal Total nitrogen 1001 963 93.0 
modification Lundin A 200 17•0 213 
Fraction B 165 164 165 
C 63•5 666 62•2 
Formol N 303 301 338 
9.3 149 46 Normal Total nitrogen 102•4 1006 930 
modification Lundin A 146 140 16•1 
Fraction B 150 162 129 
C 704 69•8 710 
Formol N 35.9 362 396 
107 171 35 Under Total nitrogen 853 84•6 77•8 
modification Lundin A 21•9 203 226 
Fraction B 175 176 129 
C 60•6 621 645 
Formol N 28•5 260 229 
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TABLE V 
EFFECT OF DURATION OF HOP BOILING ON NITROGEN CONTENT OF WORT° 
Length of boiling (hr.) 
0'5 1 2 05 2 
N content of malt 	.. .. 	 .. 	 .. 1.3% 1.8% 
S.G. of wort 	.. 	 .. .. 	 .. 	 .. 10445 1044'5 1044'5 1043'6 1043'3 
Total nitrogen (mg./100 ml.) .. 	 .. 	 .. 78'2 80'1 81'2 107'6 106'0 
*Bitter substances (mg./l.) .. 	 .. 	 .. 35.3 39.3 40'5 33•9 42'2 
Ratio of isocompounds 
1.9 2•9 34 1'3 3'1 
a-acids 
* See section 4. 
These techniques will eventually yield in-
formation on the amounts of protein removed 
during fermentation and conditioning by 
adsorption on the yeast cell and by pre-
cipitation as sediments and hazes. 
Peptides.—No detailed study of this frac-
tion has been carried out so far. The 
results in Table VII indicate that 30% of the 
wort nitrogen is amino acid, although this 
will include some peptide, 20% is high-
molecular-weight protein, Ca. 10% is 
TABLE VI 
AMOUNT (%) OF TOTAL NITROGENOUS MATERIAL 
PRECIPITATED FROM HOPPED WORT BY DIFFERENT 
PRECIPITANTS 




Harris 	(for refs. 
Precipitant 	 et al.19 '90 see 19) 
Phosphotungstic acid 	.. 42 50 
Phosphomolybdic acid 	.. 34'5 35 
Uranyl sulphate 	.. 	 .. 34 35 
Magnesium sulphate .. 20'6 20-23 
Trichioroacetic acid 	.. 162 15-20 
Carbon 	.. 	 .. 	 .. 55 55 
Tannic acid .. 	 .. 26'7 20-25 
Colloidal iron 	. 	 .. 260 16-18 
Non-dialysable .. 	 .. 25 
% total of 
nitrogenous material 
Lundin Fractionation 
A Tannin, intermediate 
size .. 	,. 	.. 	9•7 
B Phosphomolybdic acid, 
most complex 	.. 	28'8 
C Remainder, amino 
acids and low M.W. 
material 	.. 	.. 	615  
accounted for by purines and other materials 
(see below), and therefore 30-40% of the 
nitrogenous material of wort consists of 
compounds ranging from dipeptides to 
polypeptides of molecular weight up to 4000. 
Amino acids.—Quantitative determination 
of the amino acids present in wort has been 
developed within the past -10 years and 
has been applied to a wide variety of worts. 
Results (Table VIII) indicate that although 
the individual level of each amino acid 
varies from wort to wort, there is a regular 
pattern of composition, with proline being 
present in very high proportion and leucine, 
phenylalanine and valine in relatively high 
proportions. Although they are not in-
cluded in the results in Table VIII, pipecolinic 
acid and some other amino acids 4° are also 
present in hopped worts in low concentrations. 
The concentrations of amino acids in wort 
are altered by differences in the nitrogen 
content of the malt used (see Table VIII) 
and in the malting procedure employed to 
prepare the malt. When gibbereilic acid is 
used in malting the amino acid content is 
increased compared with that in its absence, 
as revealed by the results in Table VIII. 
Multiple steeping procedures do not alter the 
concentration of amino acids in wort except 
those of proline and alanine 53 as compared 
with worts obtained from malts prepared by 
traditional procedures. 
All the amino acids are utilized by yeast 
but the order of assimilation varies, as shown 
in Table IX. With many worts after 2 days' 
fermentation, proline is the only amino acid 
remaining in significant concentration. 
Ammonia and amines.—The quantitative 
procedures employed for determination of 
amino acids (see above) also provide values 
for the content of ammonia in wort (see 
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TABLE VII 
DISTRIBUTION OF NITROGENOUS MATERIAL IN BRITISH PALE ALE WORTS54 
Material of M.W. above 
N-amino N 4000 
Conc. of wort Total N 
mg./100 ml. % total N mg./100 ml. % total N (S.G. °) mg.1100 ml. 
10420 698 20•1 28•8 123 17•6 
10490 898 236 26•3 147 16•4 
Table VIII). Earlier results 87 indicated the 
presence of 39-50 mg. ammonia/100 ml. 
Qualitative chromatography has revealed 27 ' 28 
that methylamine, dimethylamine, ethyl-
amine, butylamine, amylamine, tyramine, 
hordenine and choline are present in wort. 
Quantitative estimations of certain of these 
constituents have been made on Canadian 
and German worts and beers (Table X). 
Only choline, among the amines listed above, 
is utilized to a significant extent by brewing 
yeasts during fermentation. 28 
Purines, pyrimidines and their derivatives.—
American investigators69 have calculated 
that the purine nitrogen represents 5.7-6.4% 
of the total nitrogen of wort. Free purines,  
adenine and guanine represent about one-
third of this purine nitrogen (see Table XI) 
whilst the remainder is composed of combined 
purines, principally the ribosides, adenosine 
and guanosine. 
Malt contains nucleic acid but the highly-
active ribonucleases degrade it during mash-
ing to ribotides which are further hydrolysed 
to ribosides and phosphate. A portion of 
the ribosides are degraded to ribose and the 
free bases but the greater part remains in 
wort. Increasing the temperature of mash-
ing reduces the amount of free purines 
present (see Table XI). Brewer's yeast 
utilizes the free purines readily but removes 
the corresponding ribosides only very slowly. 
TABLE VIII 
AMINO ACID CONTENT OF WORTS (ALL RESULTS EXPRESSED AS MG. AMINO ACID/100 ML.) 
Origin 	.. Swedish American British Swedish British 
Type of wort Lager Lager Lager Lager Lager Pale ale Decoction Lager Infusion 
Concentration 121° 122° 121° 123° S.G. 12° P. 
Amino acid P. P. P. P. 10396 
R,Ot OAt EO' GA 
Ref. No... 93 5 5 31 52 91 91 91 91 
Alanine 102 63 69 65 82 - - 	- 61 80 
a-Amino-butyric 
acid 79 55 60 56 61 - - - - 
Arginine 59 88 9•6 104 126 250 180 120 108 
Aspartic acid 98 58 60 62 75 62 66 53 61 
Cystine - - - 01 - 1•5 08 - - 
Glutamic acid 33 DO 89 32 38 141 144 95 7.3 
Glycine 26 22 24 23 28 - - 1•9 27 
Hiatidine 38 36 37 3.7 42 49 33 46 32 
Isoleucine 65 36 41 89 57 4•6 11•1 57 4.9 
175 75 86 DO 118 138 157 110 121 
107 63 69 62 79 15-0 64 79 9.1 
Methionine - DO 23 DO 2-9 2-8 30 21 26 
Phenylalanine 140 6-5 82 74 108 53 115 110 90 
Prdllne 
Leucine 	..... . 
483 205 232 258 342 500 630 525 362 
Threonine 	.. 73 35 40 3•7 50 108 8•3 47 - 
Tryptophan .. - 41 42 39 49 DO 58 47 5.7 
Tyrosine 9.3 54 65 DO 86 50 126 77 46 
Valine 
Lysine ..... .. 
160 6.9 7•3 76 102 146 155 86 101 
2'4 19 24 21 30 - -. — 27 
Serine + 
asparagine 	.. 177 129 146 149 172 - - 166 148 
Total (by summa- 
Ammonia ........ 
tion) amino acids 
1167-4 mg.1100 ml. 	.. 1932 1163 1278 1294 1796 1860 1713 1504 
t From barley of N content 153%. 
* From barley of N content 185%; GA = gibberellic acid. 
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It is possible that in high temperature 
mashes the amount of purines present may 
be rather low for adequate fermentation. 
Although malt nucleic acid contains pyri-
midine components no report has been made 
of their presence in wort. 
Vitamins—Microbiological assay and 
chemical methods of analysis have provided  
values for the individual vitamins of the B 
group present in wort (Table XII). Of 
these, biotin, inositol, pantothenic acid, 
pyridoxine and thiamine are more important 
for the nutrition of yeast than the others 
since they are removed from wort during 
the growth of yeast. The contents of the 
other vitamins (see Table XII), on the other 
TABLE IX 
GROUPING OF AIINo ACIDS ON THEIR EASE OF ASSIMILATION BY BREWER'S YEAST52 
Group A 
Most readily assimilated 
Group B 
Taken up more slowly 
than group A 
Group C 
Taken up less quickly 
than groups A and B 
Group D 
Only slowly utilized 
Glutamic acid Valine Glycine Proline 
Aspartic acid Methionine Phenylalanine 
Asparagine Leucine Tryptophan 
Glutamine Isoleucine Tyrosine 





AMINE CONTENT OF WORTS 
N-methyl Dimethyl Un- 
Tyrosol Hordenine tyramine amine identified 
Type of Conc. of mg./ mg./ mg./ g./ mg./ 
Origin wort wort Ref. 100 ml. 100 ml. 100 ml. 100 ml. 100 ml. 
Canadian .. Ale 81 021 131 0•84 025 
Lager 81 005 111 069 1•9 
German 	.. Lager 166° P. 28 085 150 
Lager 123° P. 28 034 23•1 
TABLE XI 
FREE AND COMBINED PURINE CONTENT OF WORT 
(all expressed as mg./100 ml. wort) 
Combined Combined 
Origin Type of wort Concentration Adenine Guanine Reference 
American 	. 	 .. Ale and lager 1250 P. 65-75 3-4 69 
British 	. . 	.. 	 .. Ale 1040 S.G. 42 
Mashing temp. 
o C. 
Total Free Combined Initial Final 
30 70 436 2•74 162 
45 70 358 
1 
312 1•56 
70 70 348 044 304 
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TABLE XII 
VITAMIN CONTENT OF WORTS 
Vitamin content 
Conc. of wort tLg.1100 ml. 
S.G. (°) unless unless otherwise 
Origin of wort Type otherwise stated Ref. Vitamin stated 
British 	.. 	 .. Ale 467 74 Biotin 085 
British 	.. 	 .. Ale 50 74 088 
British 	.. 	 .. Ale 51 74 1•15 
Swedish 	.. Lager 306 9 Folic acid —40 
Swedish 	.. 	 .. Lager 506 9 13 
German 	.. 	 .. Lager 127° P. 118 Inositol 6 mg./l00 ml. 
Swedish 	.. 	 .. Lager 12° P. 92 1•8-42 mg./ 
100 ml. 
British 	.. 	 .. Ale 36 84 Nicotinic acid 08 mg./l00 ml. 
45-47 84 110-161 mg. 
66 84 1•75 mg. 
4585 4 110 mg. 
American .. 	 .. Lager 68 1 mg. 
American .. Lager 68 Pantothenic acid 98 
British 	.. 	 .. Ale 35•5 46 45 
43 48 
43 60 
British 	.. 	 .. Ale 335 47 Pyridoxine 58 
48 103 
68 105 
British 	.. 	 .. Ale 31 44 Riboflavin 40 
38 44 45 
40 44 33 
110•6 45 90 
American .. 	 .. Lager 70 38-47 
American .. 	 .. Lager 68 38 
Irish 	 .. Stout 47 114 33 
Irish 	.. 	 .. Stout 70 114 40 
Irish 	.. 	 .. Stout 73 114 50 
Irish 	.. 	 .. Stout 78 114 59 
Irish 	.. 	 .. Stout 111 114 69 
English 	.. 	 .. Ale 36 44 Thiamine (Aneurin) 32 
English 	.. 	 .. Ale 45 44 48 
English 	.. 	 .. Ale 60 44 60 
English 	.. 	 .. Ale 66 44 75 
American .. 	 .. Lager 68 28 
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hand, are frequently increased during fer-
mentation. Ubiquinone9 6 have been found 
in malt (2 p.g.1100 ml.), but no report has 
yet been published indicating whether they 
are present in wort. 
4. Hop SUBSTANCES 
Only relatively small amounts of hop 
substances are dissolved by wort during 
boiling. These provide the bittering flavour 
of the beer and can be divided into 3 broad 
classes namely:— 
the iso-compounds, unchanged a-acids, 
hulupones and other materials mostly 
derived from the resin components of 
hops, 
the hop oils, and 
esters and acids which contribute to the 
total acids of wort along with those 
derived from malt. This group is dealt 
with separately in section 5. 
The iso-compounds. Developments13 . 89 in 
the procedures of quantitative extraction of 
hop substances from acidified wort using 
iso-octane have provided evaluations of the 
amounts of bitter substances present in 
wort. The bulk of these materials are often 
classed as isohumulones89 although hulu-
pones106 and unchanged humulones are also 
present. 75.90 The concentration of hulu-
pones'08 is low (less than 2 kg./l.) whilst that 
of the huinulones varies depending on the 
hop boiling process (see Table V). The 
amounts of bitter substances present depend 
on the cc-acid content of the hops used, on 
the nitrogenous content of the wort, 50 on 
the duration of boiling3O'59 and on the hop 
rate.37 '6' The effect of boiling on the con-
centration of bitter substances is shown in 
TABLE XIII 
EFFECT OF Hop RATE ON CONCENTRATION OF 
BITTER SUBSTANCES37 
Hop rate, 




075 15•2 29•7 
1.0 13•8 375 
1•5 10.0 50•0 
2•0 7•8 530 
25 10.0 59•7 
30 104 59•4 
The hops used contained 6.0% cc-acids. 
Table V whilst that of hop rate is given in 
Table XIII. The proportion of cereal ad-
junct used in the grist alters the content of 
bitter substances in the wort, generally 
increasing it as the proportion of adjunct 
increases. 7 ' 72 
In the brewings providing the results in 
Tables V and XIII, fresh hops, i.e., hops 
from the most recent harvest before brewing, 
were used. When old hops, i.e., hops which 
had been subjected to 1-5 years storage, are 
employed, the amount of bitter substances, 
determined by the current methods of 
analysis, appears to be much less than that 
from new hops, although the beers derived 
from them do not differ to the same degree 
when they are tasted. 6 . 62 ' 65 The reasons for 
these differences are not clearly understood. 
Hop extracts are now being employed to 
an increasing extent in brewing, but gener-
ally the rates used in hopping wort are 
carefully controlled so that the concentration 
of bitter substances present in the wort is 
similar to that found when hops are em-
ployed. 96 
During fermentation, 40-70% of the hop 
substances are removed from wort by ad-
sorption on the yeast ceU24,25 and by pre-
cipitation.23 The yeast head which forms 
during the early stages of fermentation 
contains a considerable amount of bitter 
substances. 23,24 After the head collapses 
these and other materials form deposits on 
the walls of the fermentation vessel. 
Hop oil.—Despite the vigorous boiling 
process employed in the copper, some of the 
components of hop oil are not completely 
volatilized, as might be expected from their 
relative ease of evaporation, but in part 
TABLE XIV 
HOP OIL COMPONENTS PRESENT IN WORT 71 





Myrcene .. 	 .. 	 .. 	 .. 6 
Methyl dec-4-enoate 	.. 	 .. 14 
-Caryophyllene 	.. 	 .. 0 
Undecanone-2 	.. 	 .. 	 .. 3 
Methyl-di-4,8- 
dienoate 	.. 	 .. 	 .. 13 
Humulene .. 	 .. 	 .. 3 
Hydrocarbon group represented 
by farnesene .. 	 .. 	 .. 0 
48 	 MACWILLIAM: WORT COMPOSITION 	 [J. Inst. Brew. 
TABLE XV 
TOTAL LIPID CONTENT OF WORT 
Origin of wort Type of wort Conc. of wort Ref. Total lipids, mg./100 ml. 
Swedish.. 	.. 	 .. 	 .. Pilsner 12° P. 2 4•55-565 
American .. 	 .. 	 .. Lager 1151 P. 120 67 crude 
American 	.. 	 .. 	 .. ,, 1151 P. 120 104 acidified 
American .. 	 .. 	 .. ,, 88 23 volatile acids as AcOH 
Australian 	.. 	 . . 	 .. ,, 18 61 ether soluble acids 
remain in the wort. Gas chromatographic 
techniques are now sufficiently sensitive to 
allow very small amounts of these compon-
ents, which are present only to the extent 
of several parts per billion (Table XIV), to 
be estimated. 
5. LIPIDS, FATTY AND ORGANIC ACIDS AND 
THEIR ESTERS 
These components are derived from malt, 
adjuncts and hops. Esterases are active 
during mashing and degrade some of the 
esters to the free acids. 
Fatty acids.—The total quantity of crude 
lipids is between 5 and 7 mg./100 ml. (see 
Table XV) and has been classified into groups 
of hydrocarbons, esters, glycerides, etc. (see 
Table XVI). Detailed analyses of the fatty 
acids and their esters have been made from 
several different worts (Table XVII). 
Results which were obtained for the Aus-
tralian wort are more detailed for the fatty  
acids of lower molecular weight than the 
others but the values for the C 14–C18 fraction 
are considerably lower than those of the 
American and Swedish worts in which 
palmitic, stearic and oleic acids are the 
principal constituents. There is evidence 
that the kilning temperature used influences 
the fatty acid content of the wort (Table 
XVIII). 
Organic acids.—Analyses of the Organic 
acid content of a Swedish wort are given in 
Table XIX. The concentration of both 
fatty and other organic acids may either rise 
or fall during fermentation. Thus the 
concentrations of fumaric, succinic and 
lactic acids are considerably increased in 
beer as a result of yeast metabolism during 
fermentation. 30 
6. TANNINS AND ANTHOCYANOGENS 
These comprise groups of compounds 
which are estimated frequently by empirical 
TABLE XVI 
COMPOSITION OF THE LIPID FRACTION OF WORT 
(12° P. wart—Swedish origin) 8 
Fraction 	 Concentration in wort, 
number Component 	 mg./l. 
Hydrocarbons, waxes 07 
Fatty acid esters, sterol esters 16 
Triglycerides, waxy esters 10 
Long chain -alcohols, free sterols, quinones 10 
Diglycerides 1•0 
Monoglycerides 60 
Phosphatides, glycolipids 3•0 




Sterol esters 0•1-02 
Free sterols 02-04 
Free fatty acids C 4–C10 0.-1 
C12–C18 18-26 




FATTY ACIDS IN WORT 
Reference 	.. 	 .. 	 .. 	 .. 3 3 120 	120 18 
American wort 
Swedish wort 115° P. 
Chain 1 	1 	2 100% 	50% malt Australian 
length Fatty acids malt 	1 50% adjuncts wort, 
Acid (c-atoms) % of total Fatty acids % of total acids p.p.m. 
Formic 	.. 	 .. 1 23 
Acetic. - 	-. 2 12 
Propionic 	.. 	 .. 	 .. 3 1 
n-Butyric .. 	 .. 	 .. 4 0'4 
Isobutyric 	.. 	 .. 	 .. 4 04 
n-Valerie .. 	 .. 	 . 5 01 
Isovaleric 	 .. 	 .. 5 01 
n-Caproic . .. 6) absent 
Hex-2-enoic 	.. 	 .. 	 .. 6 1 4 01 
Hex-3-enoic .. 	 .. 6J 0'1 
Caprylic 	 .. 	 .. 8 01 
n-Nonanoic 	.. 	 .. 9 3 0 4.5 
n-Capric .. 	 .. 10 04 
Laurie .. 	 .. 	 .. 	 .. 12 2 0 096 049 07 
n-Myristic .. 	 .. 14 05 1 340 2'63 0'4 
Pentadecanoic .. 15 087 049 
Palmitic 	 .. 161 40 51 1546 1546 01 Palmitoleic 	.. 	 .. 	 .. 16J 319 557 
Heptadecanoic .. 17 0•34 - 
Stearic.. .. 	 .. 	 .. 181 4859 2742 701 
Oleic 	.. 	 .. 	 .. 	 .. 18 L 1531 3823 01 
Linoleic .. 	 .. 	 .. 18 800 704 0.1 
Linolenic 	.. 	 .. 	 .. 18J 162 074 01 
Arachidonic 	.. 	 .. 	 .. 20 
Behenic 	.. 	 .. 22 f Present as 
Cerotic .. 	 .. 26 methyl esters 
Unknown 	.. 	 .. 	 .. 26 172 246 
Total, mg./l. .. 	 .. 	 .. 19 26 67 50 6'7 
methods. Many investigators evaluate 
anthocyanogens in arbitrary units or as 
colorimeter scale readings which cannot be 
expressed in accurate concentrations. Values 
from the literature for both classes of corn-
pound, which are stated in suitable concen-
trations, are listed in Table XX. These 
values show considerable fluctuation from 
one wort to another; this may be due to 
TABLE XVIII 
INFLUENCE OF KILNING TEMPERATURE ON FAT 
CONTENT OF WORT'' 
Kilning temperature, 	Fat content of wort, 
C. 	 mg./l. 
	
150 	 6'l 
180 5•2 
195 	 49  
methods of processing or to the use of 
different procedures of analysis and different 
standards. 
TABLE XIX 
ORGANIC ACID CONTENT OF WORT 





Mesaconic 12 Levulinic 
Pyruvic 	.. 	 .. 	 .. 4 
Fumaric .. 	 .. 	 .. 13 
Glutaric 	.. 	 .. 	 .. - 
Succinic .. 	 .. 	 .. 11 
Lactic 	.. 	 .. .. 7 
a-Keto-glutaric .. 	.. 16 
Oxalic 	.. 	.. .. 7 
Glycollic 	.. .. 	.. - 
Malic .. 	.. .. 44 
Citric 	.. .. 	.. 86 
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TABLE XX 
TANNIN AND ANTHOCYANOGEN CONTENTS OF WORTS 
Origin of 







American 	.. All-malt 160 P. 86 334 - 
American .. 50% rice, 50% malt 11•7° P. 86 176 - 
German 	.. 99 - 66 
German .. 120 P. 66 315-351 281-34•9 
Canadian 	.. Ale 118° B. 80 14.3* 60•1 
Canadian .. Lager 11•6° B. 80 12.3* 50•0 
Swiss 	.. Lager 119° P. 107 - 48•8 
Canadian 	.. All-malt lager 67 207 110 
Canadian .. 50% grain, 50% malt 11550 P. 67 226 76 
Belgian 	.. Lager 21 200-300 - 
German .. Lager 12060 P. 63 280 102 
* Cacn tannin content. 
TABLE XXI 






















German 	.. Dark 125° P. 57 67•2 
Light 114° P. 57 648 
Light 115° P. 57 648 








American 	.. 14 SR 6•2-111 gg.11. 
15 reducing 11-155 sg./I. 
German 	.. Light 120° P. 69 97 43 
disulphide 
sulphide 53 
2' 69 85-100 85-55 suiphlde 45-55 Belgian 	.. Infusion I 12° B. 77 22 159 11 x 108 
(mercaptans) 
II 12° B. 77 13 690 25 x 108 
(mercaptans) 
Decoction I 12° B. 77 3 242 12 x 108 
(mercaptans) 
H 12° B. 77 42 182 06 x 103 
(mercaptans) 
Canadian 	.. Lager 119° P. 67 sulphate 400 mg./1. 
1155° P. 67 sulphate 418 mg./1. German 	.. Lager 12° P. 64 sulphate 375 mg./l. Pale lager 114° P. 57 648 
Lager 12'5° P. 57 672 
7. SULPHUR COMPOUNDS 
There is a wide range of sulphur compounds 
occurring in wort embracing simple gases, 
SO 2 and H 2S present in solution, inorganic 
sulphate (see also section 10), amino acids 
(see section 3), and other compounds. 
Analyses of total sulphur and of the pro-
portion of this present in the different groups 
of compounds are listed in Table XXI. The 
copper content of the wort influences the 
content of H 2S as shown by the results 51 in 
Table XXII. 
TABLE XXII 
INFLUENCE OF THE COPPER CONTENT OF THE WORT 
ON H2S IN SOLUTIONS' 
H2S content 	 Added Cu 
Mg./I. p.p.m. 
5.9 	 31•2 
8•8 40•5 
82 	 648 




DISSOLVED OXYGEN AND AIR CONTENT or WORTS 
Conc. of Cone, by Conc. by 
Origin of wort volume, weight, Open or closed Temperature, 
wort (° P.) Ref. Gas c.c./1. mg./l. cooler 
O  C. 
European 	.. 11 21 Oxygen 4'5-5'5 64-75 
American 	.. 11 78 Oxygen 2'4-5'0 Open 
11 ,, Air 9-17 Open 
American 	.. 12 ,, Oxygen 5'8 Open 10 
12 Air l8' 14 flpn 
American 	.. 10 ,, Oxygen 14'2 Closed 10 
10 ,, Air 58'8 
American 	.. 12 ,, Oxygen 7'4 Closed 10 
12 ,, Air 327 
American 	.. 144 ,, Oxygen 98 Closed 10 
14'4 Air 41'8 
American 	.. 12 ,, Oxygen 2'8 Closed 15 
12 ,, Air 276 
American 	.. 12 Oxygen 3'2 Closed 15 
12 ,, Air 26'7 
S. DISSOLVED OXYGEN AND AIR 
The contents of dissolved oxygen and air 
vary considerably depending on whether the 
wort is cooled in closed or open vessels and 
on the temperature to which it is finally set 
before pitching. A summary of results of 
analyses of worts is given in Table XXIII. 
9. PHOSPHATE 
Over two-thirds of the phosphate is 
present as inorganic phosphate. The re-
mainder occurs as phospholipid, phytin and 
other organic compounds. Values obtained 
for total, inorganic and organic phosphate 
are given in Table XXIV.  
10. INORGANIC CONSTITUENTS OTHER THAN 
PHOSPHATE 
The total ash content of wort represents 
1.5-2% of the wort solids.'°' In addition to 
phosphates, chlorides, sulphates, fluorides 
and other anions are present together with the 
metallic ions, Na, K, Ca, Mg, Fe, Cu and Zn. 
It is generally accepted that the contents of 
Cu, Fe and As should be kept as low as 
possible as these are reputed to have adverse 
effects on yeast growth although small 
amounts of iron (0.075 p.p.m.), copper 
(0.012) and zinc (0.2) are required to support 
growth of brewer's yeast. 85 The zinc is 
probably required as a constituent of yeast 
TABLE XXIV 
PHOSPHATE CONTENT OF WORT 
(results expressed as mg. PO4/100 ml.) 
Origin of 









British 	.. Ale S.G. 1032'7 33 622 47'8 0.9 
Ale (diastatic malt) S.G. 1044 33 106'6-1196 606-66'9 9'9-15'4 
Ale (kilned malt) S.G. 1046 33 96'1-1051 515-64'1 20'1-22'9 
Canadian 	.. Lager (all-malt) 11-91 P. 67 88'3 
Lager (50% malt-50% 11'55° P. 67 62'0 
adjuncts) 
German 	.. Lager 120 P. 100 643-1020 
Lager 120 P. 64 689 
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TABLE XXV 
INORGANIC CONSTITUENTS OF WORT 
Origin of 
wort Type of wort 
Cone. of 
wort Ref. 
Constituent (p.p.m) Other 
constit- 
uents p.pm. Notes Na K Ca Cu Fe Zn 
British 	.. Ale 145° S.G. 1040 48 038 031 
150° ,, ,, 0-28 028 'Mashing 
155° ,, ,, 025 0-24 .tempera- 





110 14 435 49 
024 029 J 
70% malt ale 110 11 310 42 
30% adjuncts 
,, 	.. All-malt We 110 iN) 410 26 
110 10 435 31 
110 135 565 37 






British S.G. 1040 117 024 
0-5- Copper 














Canadian 	.. All-malt 110° P. 67 20 450 40 013 0-37 Mg 100 
Cl 360 
50% malt 1155° P. 67 112 770 62 012 0-23 Mg 140 
50% grain Cl 415 
British 	.. All-malt S.G. 1032 116 F 058 
Mild ale S.G. 1083 ,, 0-73 
,, 	.. Pale ale S.G. 1041 0-60 
Pale ale S.G. 1052 0-61 
S.G. 1032 ,, 002 
German 	.. Lager 12° P. 100 29-28 MgO 90-280 Total ash 
SiO 2 100-320 1680-2660 
p.p.m. 
-. Lager 12° P. 55 0-1- 0.05- 
(av.) 1-30 0-54 
av. av.  
0-66 024 
German 	.. Lager 113 038- 
0•51 
German 	. Lager 12° P. 64 61 MgO 194 Total ash 
Cl 168 2159 
SiO 163 P.P.M. 
alcohol dehydrogenase. 115 Potassium repre-
sents 12-15% of the inorganic constituents 
of ash of malt. The concentrations of 
inorganic constituents of wort are given in 
Table XXV. 
Yeast absorbs about 50% of the wort 
potassium during fermentation, enhances 
the sodium content and may use or augment 
the calcium present. 110 Small amounts of 
fluorides are taken up by yeast during 
growth.'-16 Nitrate contents of 50 p.p.m. 
retard fermentation whilst those of 100 
p.p.m. affect the yeast seriously. 95 Normal 
levels have little effect on yeast.  
11. OTHER COMPOUNDS 
Wort contains 004-0•06 p.p.m. of diacetyl 
and 0.01 p.p.m. of pentanedione.43  
Acknowledgement.—The author thanks Dr. 
A. H. Cook, F.R.S., for his encouragement 
and guidance in the writing of this review. 
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